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THE  SEVENTH  TECHNICAL  ALFALFA  CONFERENCE 
reported  here  was  held  July  27,  1961  at  the  Western  Re- 
gional Research  Laboratory,  Albany,  Calif.  ,  headquar- 
ters of  the  Western  Utilization  Research  and  Develop- 
ment Division,    Agricultural  Research  Service,    U.  S. 
Department  of  Agriculture. 

The  meeting  was  co-sponsored  by  the  American  De- 
hydrators  Association  and  was  attended  by  forage  grow- 
ers and  processors,  equipment  manufacturers,  feed-lot 
operators,  members  of  State  experiment  station  staffs, 
and  representatives  of  governmental  groups  engaged  in 
research  on  forages. 

Staff  members  engaged  in  forage  investigations  re- 
ported recent  researches  conducted  by  the  Western  Divi- 
sion with  particular  emphasis  on  chemical  components 
that  induce  unusual  physiological  responses  in  animals. 

Members  of  the  Crops  and  the  Animal  Husbandry  Re- 
search Divisions  of  the  U.  S.  Department  of  Agriculture 
discussed  insect  and  disease  resistance  in  alfalfas,  bio- 
logically active  components  of  forages,  and  the  effe  cts  of 
hormone -like  components  of  alfalfa  on  the  physiology  of 
beef  cattle.  Representatives  of  industry  reported  prog- 
ress in  improved  processing  methods  and  on  industry- 
supported  research  in  the  fields  of  animal  nutrition  and 
plant  chemistry.    Workers  from  universities  and  State 
experiment  stations  reported  various  aspects  of  research 
on  forages  as  related  to  animal  nutrition. 

The  program  was  developed  by  George  O.  Kohler, 
Chief  of  the  Field  Crops  Laboratory,    Western  Division 
and  Joseph  Chrisman,  Executive  Vice  President,  Amer- 
ican Dehydrators  Association,   in  cooperation  with  other 
private  and  governmental  groups. 

This  report  was   compiled  in  the  Western  Utiliza- 
tion Research  and  Development  Division,  Agricultural 
Research  Service,    U.    S.    Department  of  Agriculture, 
Albany  10,  Calif.    Co  pies  are  available  on  request. 
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PROGRESS  OF  AN  INDUSTRY 


Jerry  W.  Fielder ,—' Dixon  Dryer  Co., 
Dixon,  Calif.,  and  Joseph  Chrisman, 
Executive  Vice  President,  American 
Dehydrators  Association,  Kansas  City,  Mo. 

How  far  have  we  traveled  and  what  are  some  of  the  significant  mile- 
posts  along  the  way? 

The  earliest  dehydrators  in  the  United  States  were  those  in  Pennsyl- 
vania, grouped  around  the  towns  of  Nazareth  and  Allen town.     In  the  late 
1920's  several  conveyor- type  hay  driers,  hand  fired  with  coal,  were  built  and 
put  into  operation.     Several  of  these  machines  are  still  operating  there,  but 
handling  methods  before  and  after  drying    have  been  greatly  altered.  The 
names  of  Fulmer,  Proctor  &  Schwartz,  and  Randolph  were  associated  with  these 
early  designs,  along  with  the  name  of  Douthitt  a  little  later.     These  people, 
along  with  the  daring  farm  operators  who  bought  and  operated  their  equipment, 
were  the  men  of  vision  who  pioneered.     Here  were  the  beginnings  of  a  great 
industry  which  has  now  grown  to  be  a  60-million-dollar-a-year  business  with 
an  investment  of  possibly  a  quarter  of  a  billion  dollars,  stretching  from 
coast  to  coast  and  border  to  border. 

Growth  of  the  industry  was  slow  for  the  first  few  years.     People  who 
used  the  product,  as  well  as  those  who  produced  it,  thought  in  terras  of  dried 
hay;     The  great  benefit  was  thought  to  be  the  avoidance  of  weather  hazards  in 
making  hay.     Not  until  more  than  a  decade  had  passed  was  it  realized  that 
because  of  quality  improvements  brought  about  by  equipment  design,  operating 
techniques,  field  care,  and  product  protection,  this  dehydration  industry 
could  lay  claim  to  a  valuable,  potent,  and  desirable  feed  supplement. 

In  the  first  half  of  the  thirties  a  new  type  of  dehydrator  was  de- 
signed and  built  particularly  for  forage  crops.     Pioneering  with  this  type  of 
dryer,  the  most  widely  used  today,  occurred  mostly  in  Kansas,  Nebraska,  Ohio, 
the  Mississippi  Valley,  and  scattered  points  elsewhere.     These  were  the  rotat- 
ing-drum  machines  which  one  sees  in  such  profusion  along  U.  S.  Highway  30 
from  Fremont  to  North  Platte,  Nebraska. 

Rotating-drum  dryers  have  been  used  for  a  long  time  to  dry  many  mate- 
rials of  widely  varying  physical  and  chemical  composition  and  characteristics. 
Legumes  and  grasses  directly  from  the  field  seemed  to  require  a  different 
design  from  standard  equipment  then  on  the  market  and  several  new  builders  of 
such  specially  designed  equipment  took  over  this  particular  field.  Arnold, 
Howard,  McGehee,  Vincent  and  a  few  other  men  were  leaders  in  these  technical 
developments.     The  firing  of  these    dryers  ranged  through  many  designs  of 
furnaces,  tubes,  stokers  and  burners. 

Probably  the  most  significant  improvement  occurred  in  the  mid-forties 
with  abandonment  of  the  large  firebrick-lined  furnaces  and  installation  of 
slender  lined  tubes.     This  might  be  called  one  of  the  mileposts,  for  the 
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change  increased  productive  capacity  per  hour  by  about  20  percent  without 
harm  to  the  product.     Costs  were  reduced.     This  improvement  evolved  within 
the  industry  itself  and  spread  rapidly. 

Dehydrating  equipment  has  not  changed  greatly  since  the  early  days, 
with  the  one  exception  noted.     Numerous  minor  changes  in  auxiliary  equipment 
have  improved  operation  materially.     Annual  production  of  2500  to  3000  tons 
per  drum  was  a  goal  to  shoot  for  in  1940,  but  nowadays  4000  and  even  5000  tons 
is  not  unusual  in  areas  of  no  serious  shortage  of  alfalfa. 

The  process  prior  to  the  actual  drying  has  probably  undergone  greater 
and  more  far-reaching  changes  than  almost  any  phase  of  the  operation. 

When  green  crop  dehydration  was  in  its  infancy  the  only  field  equipment 
was  that  formerly  used  in  making  hay--mowers,  windrowers,  rakes,  and  pitch- 
forks.    We  were  not  at  that  time  manufacturing  a  high  quality  feed  supplement. 
Losses  in  nutrients  were  not  greatly  different  from  those  suffered  in  hay  ex- 
cept that  there  was  not  so  much  loss  through  leaching  by  rain. 

The  first  major  improvement  was  a  harvester  which  never  allowed  the  cut 
alfalfa  to  fall  to  the  ground  but  caught  the  severed  plant  on  a  conveyor  and 
delivered  it  whole  to  the  truck  or  trailer  for  transport  to  the  plant.  Red- 
path  is  the  name  oldtimers  will  well  remember  here,  and  the  Redpath  harvester 
was  truly  an  ingenious  device  for  that  period.     This  eliminated  che  windrower 
or  rake  but  unfortunately  left  the  pitchfork  still  in  the  picture.     If  the 
load  was  not  properly  placed  by  the  man  on  top  there  was  sure  to  be  trouble 
unloading  at  the  plant. 

The  trailer  or  truck  was  taken  to  the  plant  and  stationed  adjacent  to 
a  stationary  silage  chopper  into  which  the  alfalfa  was  pitched  by  hand.  What 
a  job  that  was'.     No  man  could  take  it  very  long  at  a  time  and  it  vjas  custom- 
ary to  have  a  relief,  requiring  tv70  men  for  the  task. 

Then  began  a  series  of  experiments  within  the  industry  to  eliminate  the 
old  long-hay  problem.     Much  controversy  entered  into  the  picture,  because  the 
industry  had  become  aware  of  how  rapidly  carotene  could  be  lost  and  likewise 
how  much  value  carotene  represented  in  their  finished  product.     Some  feared 
chopping  in  the  field  would  result  in  greater  losses.     World  War  II  had  just 
reached  its  end  and  the  easy  days  of  selling  were  drawing  to  a  close. 

In  about  1945,   '46,  and  '47  many  operators  and  plant  maragers  were  ex- 
perimenting vjith  field  chopping  machines  and  automatic  feeders.     Out  of  all 
this  experimentation- -and  to  skip  over  a  good  many  years  and  dollars  of  exper- 
imentation--evolved  the  present-day  self-propelled  8-to-12-foot-cut  field- 
chopping  harvesters  and  various  types  of  automatic  feeders,  for  the  one 
demanded  the  other. 

Field  chopping  and  automatic  feeding  have  speeded  up  the  process  to 
the  point  where  very  little  loss  of  nutrients  occurs  prior  to  dehydration. 
They  have  also  resulted  in  greater  automation  and  lower  costs. 
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Here  then  is  another  milepost  in  progress.     From  back-breaking  hay 
pitching  and  excessive  loss  of  nutrients,   the  industry  advanced  to  automatic 
harvesting  and  feeding,  with  greater  retention  of  nutritive  values. 

While  development  of  dehydration,  harvesting,  and  preparation  for  dry- 
ing were  going  on,   little  attention  was  being  given  to  the  finished  product. 
The  dried  alfalfa  or  grass  was  ground     in  a  hammer  mill,  sacked  and  stacked 
in  the  warehouse  or  loaded  in  a  car  for  shipment. 

Not  until  tough  times  loomed  ahead  for  producers,   following  the  heyday 
of  wartime  economy,  did  industry  leaders  awake  to  a  realization  of  the  urgent 
need  to  make  their  product  more  acceptable  to  the  buyer  in  many  V7ays .     It  was 
dusty,  dirty,  varied  greatly  in  uniformity  of  physical  and  nutritional  prop- 
erties, and  could  not  be  guaranteed  for  quality  the  year  around.     It  was  diffi- 
cult to  handle  in  a  feed  mill  and  was  approaching  a  point  where  it  was  more 
costly  to  produce  and  deliver  than  it  was  worth  to  the  user  under  then  existing 
knowledge  of  its  values. 

In  1949  a  nev?  development  entered  the  picture  in  the  form  of  storage  of 
product  in  a  non-oxidizing  atmosphere.     Since  the  loss  of  some  of  the  major 
nutrients  was  a  matter  of  oxidation,  this  innovation  sought  to  preserve  those 
nutrients  better  during  storage.     Some  use  of  cold  storage  had  been  made  because 
the  rate  of  oxidation  could  be  slowed  by  lowering  the  temperature. 

During  this  period  studies  were  underv;ay  at  a  number  of  places  to  find 
means  of  reducing  oxidative  losses  by  use  of  protective  chemicals  or  coatings. 
Some  fats  or  oils  were  introduced  to  protect  the  oxidizable  fractions.  The 
fats  and  oils  had  an  additional  attraction  due  to  their  dust-laying  properties. 
The  U.   S.  Department  of  Agriculture  at  its  Western  Regional  Research  Laboratory 
was  at  the  time  screening  hundreds  of  anti-oxidants  to  find  one  both  effective 
and  safe. 

It  was  at  this  time,  too,  that  the  industry  became  acutely  aware  of  its 
need  for  research  to  determine  what  values  the  product  actually  had,  how  to 
enhance  those  values,  and  how  to  give  them  better  protection. 

At  this  point  the  dehydrating  industry  and  its  representative  organiza- 
tion, the  American  Dehydrators  Association,  became  interdependent  to  the  point 
of  being  almost  indistinguishable.     A  research  program  was  promulgated  and 
implemented  through  the  Association  in  1949.     You  will  hear  later  today  what 
that  program  has  amounted  to  and  its  current  interests.     Here  definitely  was 
a  milepost  in  the  progress  of  our  industry. 

Following  inauguration  of  the  program  of  research,  or  at  about  the  same 
time,  improvements  developed  in  the  handling  of  the  product  following  dehydra- 
tion . 

Use  of  inert  gas  storage  was  increased  slowly  during  1949  and  1950, 
but  upon  the  introduction  of  methods  for  storing  pelleted  dehydrated  products 
and  avoidance  of  certain  patents  on  such  storage,   the  growth  of  this  type  of 
preservative  storage  began  to  increase  rapidly.     Without  pelleting,  inert  gas 
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storage  would  have  been  accepted  very  slowly    and  the  imperative  need  to 
protect  the  product  through  this  type  of  storage  set  off  a  boom  in  the  pellet- 
ing of  the  product.     The  two  processes  were  developed  concurrently  to  the  great 
benefit  of  the  industry.     Lowered  costs,  automation,  bulk  handling,  and  a  more 
acceptable  product  resulted.     This  definitely  was  a  milepost. 

The  latest  and  indeed  a  very  important  milepost  was  passed  early  this 
year  in  the  wholehearted  industrial  adoption  of  ethoxyquin  to  preserve  further 
those  nutrients  subject  to  oxidation.     This  material  gives  needed  protection 
both  before  and  following  storage  under  inert  gas. 

With  a  research  program  alert  to  the  needs  of  the  industry  and  industry 
management  ever  mindful  of  the  need  for  continued  and  continuous  improvement 
in  both  product  and  services,  we  see  other  mileposts  of  perhaps     even  greater 
significance  up  to  the  line.  We  do  not  knovj  just  whether  they  v;ill  occur  in 
the  field  of  agronomy,  or  chemistry,  or  machinery,  or  nutrition,  but  that  they 
will  occur,  we  are  certain. 
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ADA'S  RESEARCH  CONTRIBUTION 


Joseph  Chrisman,"  Executive  Vice  President, 
American  Dehydrators  Association,  Kansas  City,  Mo. 

Dues  paid  by  members  of  the  American  Dehydrators  Association  are  used 
for  advertising,  promotion,  and  research.     These  uses  are  listed  alphabeti- 
cally, not  necessarily  in  order  of  importance.     Research  contributions  have  been 
made  primarily  to  State  institutions  of  higher  learning  and  agencies  of  the 
Federal  Government.     While  funds  for  these  contributions  may  seem  large  to  some 
members  of  the  Association,   it  is  recognized  that  the  amount  contributed  has 
not  begun  to  match  the  funds  allocated  by  State  and  Federal  agencies.     It  is 
our  feeling  that  ADA  funds  may  have  served  to  stimulate  research  interest  and 
to  carry  the  investigator  "over  the  hump"  financially. 

Funds  have  been  spent  to  support  research  for  the  benefit  of  the  farmer- 
grower,  dehydrator,  feed  manufacturer,  and  last  but  not  least  the  consumer. 
Of  primary  concern  has  been  research  that  leads  to  the  production  of  a  quality 
product,  stable  in  constituents,  which  leads  ultimately  to  the  production  and 
consumption  of  wholesome  nutritious  human  foods. 

Research  support  was  initiated  in  1949  when  the  industry  vjas  growing  up 
with  the  realized  need  for  a  quality  product.     Since  1949,   $230,000  has  been 
contributed  to  support  for  research  in  the  following  general  areas: 


Amount 

Pet.  of  total 

Agronomy   

---  $  33,190 

14.4 

Antioxidants   

9,500 

4.1 

Beef  nutrition   

32,850 

14.3 

Chemical   

25,367 

11.0 

Dairy  nutrition   

30,250 

13.2 

Economics   

5,000 

2.2 

Poultry  nutrition   

53,812 

23.4 

Sheep  nutrition   

24,568 

10.7 

Swine  nutrition   

15,500 

6.7 

Total   

---  $230,037 

100.0 

Currently,  28.8  percent  of  the  ADA  budget,  or  $27,500,  is  allocated  to 
research  support  and  allied  activities.     The  allied  activities  include  assem- 
bling, publishing,  and  distributing  Alfalfa  Abstracts ,  conducting  the  annual 
meeting  of  the  Alfalfa  Research  Council,   including  travel,  and  a  nominal  admin- 
istration of  the  program. 

The  following  experiment  stations  in  the  following  states  have  received 
or  are  receiving  support:     Arizona,  California,  Colorado,  Connecticut,  New 
York,  Florida,  Iowa,  Illinois,  Kansas,  Michigan, Montana ,  Missouri,  Nebraska, 
Oklahoma,  South  Dakota,  Texas,  Utah,  and  Washington.     Support  for  a  project  at 
Saskatchewan,  Canada,  was  initiated  this  year.     In  addition,   the  U.  S. 


1^/  The  assistance  of  Dr.  W.   R.  Kehr,  Chairman  of  the  Alfalfa  Research  Council, 
in  assembling  the  material  for  this  paper  is  gratefully  acknowledged. 
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Department  of  Agriculture's  Western  Regional  Research  Laboratory  here  at  Al- 
bany and  the  Wisconsin  Alumni  Research  Foundation  have  received  support. 

"Support"  is  a  term  which  hardly  describes  the  feeling  that  ADA  has  for 
the  tremendous  effort  expended  by  institutions  to  which  funds  have  been  fur- 
nished.    The  "dehy"  industry  is  a  multimillion  dollar  business  that  relies  al- 
most entirely  on  State  and  Federal  agencies  for  research  information.     ADA  is 
pleased  to  be  able  to  make  a  financial  contribution  to  efforts  that,   in  effect, 
enable  it  to  pull  itself  up  by  the  bootstraps.     ADA  feels  that  the  cooperation 
which  exists  among  dehydrators,   industry,  and  public  institutions  has  been  a 
key  factor  of  mutual  benefit  to  private  and  public  enterprise. 

The  dehydrator  recognizes  that  production  is  of  no  value  without  mar- 
kets.    It  follows  that  a  dehydrator  must  know  his  market  and  produce  for  it. 
This  means  production  taking  into  consideration  quality,  volume,  and  time. 
Production  and  marketing  are  facets  of  the  industry  to  which  research  effort 
has  been  expended,  and  to  which  a  continued  effort  is  essential. 

Much  initial  research  and  some  current  supported  research  is  practical 
in  nature.     Such  practical  or  applied  research  is  expected  to  continue.  How- 
ever, with  specialized  markets,  enlightened  consumers  (who  use  linear  program- 
ming to  decide  which  ingredients  to  use,   taking  into  account  elements,  un- 
known and  known  growth  factors,  and  cost),  and  with  the  need  for  detailed  in- 
formation on  why  dehydrated  feeds  are  the  key  to  successful  livestock 
enterprise,   the  ADA  Research  Council  recommended  to  the  Board  of  Directors 
support  for  more  basic  research  than  in  the  past.     The  Board  concurred. 

To  sharpen  up  descriptions  of  "dehy"  used  in  various  experiments,  so 
that  results  may  be  repeatable,   the  Research  Council  now  asks  recipients  of 
ADA  grants  to  analyze  all  lots  of  dehydrated  alfalfa  used  in  their  experi- 
ments, promptly  upon  receipt,  for  protein,  fiber,  ash,  carotene,  and  couraestrol, 
and  to  repeat  carotene  analyses  at  least  every  30  days  until  the  supply  is  ex- 
hausted or  the  experiment  concluded.     Carotene  is  to  be  determined  by  the  AOAC 
chromatographic  procedure  and  reported  as  milligrams  per  hundred  grams  and  not 
as  vitamin  A.     The  coumestrol  analyses  will  be  conducted  by  the  USDA  Western 
Regional  Laboratory  at  Albany. 

Research  is  of  no  value  unless  the  facts  are  put  to  use.  Fortunately, 
the  "gap"  between  research  findings  and  application  is  closing,  and  is  already 
closed  in  some  areas.     It  is  most  gratifying  to  note  the  high  percentage  of 
the  1961  crop  which  is  expected  to  be  treated  with  ethoxyquin      The  latest 
estimate  is  90  percent.     The  folks  in  the  Western  Regional  Laboratory  can  take 
special  pride  in  this  accomplishment,  for  they  started  the  work  and  kept  the 
ball  rolling  through  many  years  and  at  considerable  expense.     A  major  purpose 
of  this  meeting  is  to  lessen  the  gap  between  research  results  and  practical 
application.     We  need  to  glean  the  facts  from  research  and  translate  them  in 
understandable  language  to  the  people  who  need  them  to  do  a  better  job  in  the 
dehydration  industry. 

The  following  is  an  itemization  of  ADA  grants  made  to  institutions  last 
year,  together  with  a  brief  summary  of  what  we  believe  are  the  major  results 
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from  the  v;ork.     This  information  should  be  interpreted  as  a  condensed  progress 
report  based  on  information  furnished  to  the  Research  Council.     Official  pub- 
lication including  full  interpretation  of  results  is  of  course  reserved  for 
the  investigators  who  received  the  grant. 

1960  Grants 
University  of  California  (Davis)  ($1,000) 

Project:     Dehydrated  alfalfa  as  a  source  of  protein  and  energy  for  range  sheep. 
W.  C.  Weir,  J.  H.  Meyer,  D.  T.  Torrell,  L.  G.  Jones,  J.  L.  Hull,  and 
J.  B,  Dobie. 

Resul ts :     "Finely  ground,  pelleted,  dehydrated  alfalfa  fed  once,  twice, 

and  five  times  weekly  at  the  rate  of  1/2  pound  per  lamb  per  day  produced 
gains  comparable  to  those  fed  high-protein  soybean  oil  meal  five  times 
weekly  at  a  level  to  furnish  the  same  amount  of  protein  as  the  alfalfa" 
(Feedstuff 8,  Feb.  4,  1961).     The  results  showed  promise  for  feeding  alf- 
alfi  pellets  once  per  week  as  a  range  supplement.     The  results  demonstra- 
ted that  salt  can  be  incorporated  in  an  alfalfa  pellet  to  control  intake, 
but  that  the  salt  percentage  must  be  varied  to  keep  the  intake  at  a 
relatively  constant  level.     Wool  production  was  increased  by  all  of  the 
alfalfa  supplements  and  soybean  meal. 

This  project  received  support  in  1959,  1960,  and  support  vjill  be  continued 
in  1961. 

University  of  Florida  ($2,500) 

Pro i ec t :     The  effect  of  protein  level  and  dehydrated  alfalfa  meal  on  reproduc- 
tive performance  of  young  lactating  beef  heifers  on  a  grass-hay  winter- 
ing ration.     A,  C.  Warnick,  T.  J.  Cunha,  and  M.  Roger. 

Resul  ts :     No  current  infoirmation  is  available  from  this  experiment  in  progress. 
This  project  received  support  in  1959  and  1960. 

Kansi^s  State  University  ($2,500) 

Proiect:     Carotene  in  alfalfa  meal  as  the  sole  source  of  vitamin  A  for  poultry. 
D.  B.  Parrish  and  P.  E.  Stanford. 

Resul ts :     "In  our  studies,  vitamin  A  sources  at  400  and  800  units  per  pound 

of  feed  were  given  to  vitamin  A.  depleted  egg-strain  chicks  for  an  eight- 
week  growing  period.     Some  findings  are  as  follows:     average  gains  were 
practically  the  same,  and  liver  and  blood  vitamin  A  storages  were  similar 
when  the  vitamin  A  source  was  a  high  or  a  low  quality  alfalfa  meal,  and 
feed  conversions  were  similar.     Gains  averaged  only  0.1  lb.  more  when  the 
ANRC  vitamin  A  standard  was  fed  instead  of  the  same  vitamin  A  activity 
from  alfalfa  meal  and  feed  conversions  were  not  affected.     Liver  vitamin 
A  storage  was  enhanced  somewhat  when  the  ANRC  vitamin  A  standard  was  used. 
Addition  of  Furazolidone  to  the  feed  had  no  apparent  effect  on  gains  or 
feed  conversions. 

"Partially  vitamin-A-depleted  pullets  that  had  laid  about  two  months 
were  given  either  1500  or  3000  units  of  vitamin  A  activity  per  pound  of 
feed,  supplied  by  high-quality  alfalfa  meal,  for  an  eight-month  period 
(May  to  December).     They  laid  at  rates  of  65-72%  (hen-day  basis),  aver- 
aging only  47o  higher  production  with  the  higher  level  of  supplementation. 
Although  feeds  were  consumed  within  10  days  after  mixing,  they  were  ex- 
posed so  that  some  loss  of  vitamin  A  might  have  occurred  before  feed  was 
all  eaten.     Feed  conversions  per  dozen  eggs  were  from  3.91  to  4.62. 
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Furazolidone  given  to  some  groups  seemed  to  increase  production  slightly, 
decrease  egg  weight  and  improve  feed  conversions"     (Feedstuf f s .  Feb.  4, 
1961). 

This  project  received  support  in  1960  and  support  will  be  continued  in 
1961. 

Michigan  State  University  ($5,000) 

Project:     The  nutritive  value  of  artificially  dehydrated  alfalfa  pellets  for 
dairy  cattle.     C.  A.  Lassiter. 

Results :     Three  years'  data  were  obtained  on  the  effects  of  feeding  four  dif- 
ferent levels  of  dehydrated  alfalfa  pellets  on  milk  production,  feed 
consumption,  and  body  weight  of  covjs  fed  from  60  to  180  days  after  calv- 
ing.    The  levels  were  0.0,  0.75,   1.50,  and  3.00  pounds  per  day.  Only 
slight  differences  were  found  in  persistency  of  milk  production  in  the 
three  supplemented  groups.     All  three  groups  were  consistently  higher  in 
this  respect  than  the  unsupplemented  group.     The  average  change  in  body 
weight  showed  a  definite  trend  for  increased  body  weight  as  the  level  of 
pellets  in  the  ration  increased.     The  average  grain  and  hay  consumption 
was  slightly  higher  for  the  unsupplemented  than  for  the  three  supplemented 
groups  with  only  slight  differences  in  silage  or  total  roughage  dry  mat- 
ter consumption.     The  last  year's  work  is  presently  under  way,  after  which 
all  data  will  be  combined  and  statistically  analyzed. 

Two  years'  data  were  also  obtained  on  the  effects  of  feeding  four 
different  levels  of  dehydrated  alfalfa  pellets  on  milk  production,  feed 
consumption,  and  body  weight  of  cows  fed  30  days  prior  to  60  days  after 
calving.     The  levels  were  0.0,  0.75,  1.50,  and  3.00  pounds  per  day.  In 
general,   the  supplemented  groups  produced  slightly  more  4%  f at-corrected- 
milk  than  the  unsupplemented  group,  which  appeared  to  be  mainly  a  reflec- 
tion of  a  slightly  higher  butterfat  test.     Only  slight  differences  in 
giain  or  total  roughage  dry  matter  consumption  were  observed  between  the 
unsupplemented  and  supplemented  groups.     However,  the  general  tendency 
was  for  hay  consumption  to  decrease  as  the  level  of  pellets  in  the  ration 
increased . 

This  project  received  continuous  support  from  1957  through  1960. 
South  Dakota  State  College  ($5,000) 

Project:     The  value  of  artificially  dehydrated  alfalfa  in  dry  lot  rations  for 
swine  during  growth,  gestation,  and  lactation.     R.  W.  Seerly  and  R.  C. 
Wahlstrom. 

Results :     Dehydrated  alfalfa  meal  was  fed  at  four  different  levels  (0,  2.5,  5.0 
and  10.07o  of  the  ration)   to  brood  sows  in  confinement  on  c  )ncrete  con- 
tinuously from  birth.     The  average  data  from  two  farrowings  indicated  the 
main  difference  between  rations  was  the  greater  number  of  litters  farrowed 
when  5  or  10  percent  alfalfa  was  in  the  ration  and  the  greater  number  of 
pigs  farrowed  and  weaned  by  the  sows  fed  10  percent  alfalfa. 
This  project  received  support  in  1959,  1960,  and  support  will  be  contin- 
ued in  1961. 

U.S.  Department  of  Agriculture,  Western  Regional  Research  Lab.  ($3,000) 
Project:     Variation  of  coumestrol  in  alfalfa  due  to  environmental  and  genetic 
factors  and  due  to  processing  and  storage  conditions.     G.  0.  Kohler 
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(Western  Lab.)>  C.  H.  Hanson  (Beltsville) ,  and  State  and  Federal  investi- 
gators in  California,  Iowa,  Kansas,  Nebraska,  North  Carolina,  Pennsyl- 
vania, and  Utah. 

Results :     Incomplete  results  from  sampling  for  estrogen  at  7  locations  indica- 
ted that  the  main  factors  influencing  content  appear  to  be  associated 
with  environmental  causes.     Within  a  given  location,  variety  and  stage  of 
growth  appear  to  be  contributing  factors.     In  a  commercial  field  in  South 
Dakota,  estrogen  content  rose  progressively  from  August  9  (34-day-old 
stand)  to  September  6  (62-day-old  stand).     Forage  from  the  field  was  de- 
hydrated on  September  12.     The  dehydrated  meal,  which  showed  little,  if 
any,  loss  in  estrogen  content,  was  distributed  to  several  experiment  sta- 
tions for  feeding  experiments. 

Support  for  this  project  was  initiated  in  1960,  and  will  be  continued  in 
1961. 

The  following  is  an  itemization  of  ADA  grants  made  to  institutions  this 
year,  starting  July  1961,  including  -statements  on  major  objectives: 

1961  Grants 

University  of  California  (Davis)  ($1,200) 

Project:     Dehydrated  alfalfa  pellets  as  a  supplement  to  range  sheep.     W.  C. 
Weir,  J.  H.  Meyer,  D.  T.  Torell,  J.  L.  Hull,  J.  B.  Dobie. 

Objectives :     To  compare  frequency  of  feeding  pelleted,  dehydrated  and  finely 
ground  alfalfa  as  a  range  supplement;  to  compare  various  levels  of  feed- 
ing alfalfa  as  a  range  supplement;  to  further  investigate  the  response 
to  weekly  feeding  of  high  protein  concentrate  compared  with  alfalfa  pel- 
lets; and  to  test  weekly  feeding  of  pelleted  alfalfa  for  pregnant  and 
milking  ewes . 

This  project  is  a  continuation  of  previously  supported  related  research. 
Colorado  State  University      ($2,200  +  pellets) 

Project:     The  utilization  of  dehydrated  alfalfa  pellets  by  dairy  cows. 
R.  G.  Hinders  and  G.  M.  Ward. 

Objectives :     The  first  two  objectives  are  designed  to  establish  the  fermenta- 
tion rate  and  end  products  of  dehydrated  alfalfa  pellets  in  the  rumen. 
The  third  objective  is  designed  to  determine  the  efficiency  of  utiliza- 
tion by  dairy  cows  of  dehydrated  alfalfa  pellets  with  and  without  concen- 
trate and  a  phosphate  buffer. 
This  is  a  new  grant. 

Connecticut  Agr.  Experiment  Station  (Storrs)       ($2,500  +  pellets) 
Project  (generalized  title  by  the  writers):     Further  studies  on  the  availa- 
bility of  vitamins  A  and  E  from  dehydrated  grasses  and  legumes  versus  a 
dry  carrier.     L.  D.  Matterson,  Walter  Pudelkiewicz ,  Lorna  Webster,  and 
Julius  Tlustohowicz . 
Objectives :     To  determine  the  relative  utilization  by  the  chick  of  carotene 

and  alpha-tocopherol  from  artificially  dehydrated  legumes  and  grasses  and 
vitamin  A  and  alpha-tocopherol  (vitamin  E)  from  a  dry  carrier  when  fed 
at  low  to  medium  levels  of  intake.     (Through  suggestions  from  the  ADA 
Research  Council  and  subsequent  correspondence,  ADA  will  furnish  samples 
of  the  same  lot  of  dehydrated  alfalfa  to  Connecticut,  WARF,  and  an  inde- 
pendent laboratory  for  simultaneous  vitamin  E  studies.     The  source  of 
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vitamin  E  from  a  dry  carrier  will  be  the  same  for  both  Connecticut  and 
WARF  and  the  two  groups  will  exchange  liver  samples  for  the  purpose  of 
comparing  analytical  procedures.)    To  isolate  and  identify  a  fat  soluble 
material  in  alfalfa  that  reduce^,  the  biological  availability  of  tocopher- 
ol and  to  extend  this  finding  to  other  legumes  and  grasses.     To  determine 
if  this  fat  soluble  material  in  alfalfa  also  affects  the  utilization  of 
carotene  and/or  vitamin  A. 
This  is  a  new  grant. 

Kansas  State  University  ($2,500) 

Project:     Carotene  in  alfalfa  meal  as  the  sole  source  of  vitamin  A  for  poultry. 
D.  B.  Parrish  and  P.  E.  Sanford, 

Ob jectives :     To  compare  the  utilization  of  vitamin  A  from  additional  samples 

of  high  quality  and  low  quality  alfalfa  meals;   to  compare  the  utilization 
of  vitamin  A  from  alfalfa  meal  versus  vitamin  A  standards;  to  study  the 
effects  of  other  types  of  feed  additives  and  of  types  of  rations  on  util- 
ization of  vitamin  A  from  alfalfa  meal,  and  effects  of  breed  and  sex  on 
utilization  of  vitamin  A  from  alfalfa  meal. 

This  project  is  a  continuation  of  previously  supported  related  research. 
University  of  Missouri  ($3,000) 

Project:     Can  alfalfa  enhance  the  utilization  of  energy  in  ruminant  rations? 
W.  H.  Pfander  and  R.  L.  Preston. 

Ob^jectives :     To  determine  the  effects  of  alfalfa  (long  hay,  chopped  hay,  and 

dehydrated)  on  the  partition  and  utilization  of  energy  from  determinations 
of  the  chemical  composition  and  energy  content  of  feed,  feces,  urine,  car- 
casses, and  waste  gases  utilizing  sheep  as  the  experimental  animals. 
This  is  a  new  grant. 

University  of  Saskatchewan,  Canada  ($3,000) 

Project     (generalized  title  by  the  writers):     Availability  to  beef  cattle  of 
vitamin  A  from  dehydrated  alfalfa  versus  a  synthetic  source.     J.  M.  Bell 
and  C.  M.  V7illiams. 

Objectives :     To  determine  daily  gain,  feed  consumption,  vitamin  A  and  carotene 
in  the  blood  and  livers,  and  carcass  data  from  beef  cattle  fed  various 
levels  of  vitamin  A  from  dehydrated  alfalfa  versus  stabilized  vitamin  A 
palmitate,  with  and  without  added  nitrates. 
This  is  a  new  grant. 

South  Dakota  State  College  ($2,500) 

Project:     The  value  of  artificially  dehydrated  alfalfa  in  dry  lot  rations  for 
swine  during  growth,  gestation,  and  lactation. 
R.  W,  Seerley  and  R.  C.  Wahlstrom. 

Objectives :     To  determine  the  effect  of  dehydrated  alfalfa  meal  on  reproduc- 
tion and  lactation  performance  of  female  swine  fed  in  confinement  on  con- 
crete continuously  from  birth,  and  to  determine  the  effect  of  dehydrated 
alfalfa  meal  on  reproductive  performance  of  second  generation  females  in 
a  confinement  system  when  fed  limited  rations  containing  14  and  18  per- 
cent protein. 

This  project  is  a  continuation  of  previously  supported  related  research. 
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Wisconsin  Alumni  Research  Foundation     ($2,000  +  pellets) 

Project  and  Objectives:     The  generalized  project  and  objectives  are  the  same 
as  the  project  and  first  objective  of  the  Connecticut  grant. 
Philip  H.  Derse. 

This  is  a  new  grant  on  a  subject  previously  investigated.  Simultaneous 
research  at  Connecticut  and  WARF  should  lead  to  a  better  understanding  of 
availability  of  vitamins  A  and  E  from  alfalfa  versus  a  dry  carrier. 

U.S.  Dept.  of  Agriculture,  Western  Regional  Research  Lab.  ($3,000) 
Project ;     Variation  of  coumestrol  in  alfalfa  due  to  environmental  and  genetic 
factors  and  due  to  processing  and  storage  conditions.  G.  0.  Kohler  (Wes- 
tern Lab.),  C.  H.  Hanson  (Beltsville) ,  and  State  and  Federal  investiga- 
tors in  California,   Iowa,  Kansas,  Nebraska,  North  Carolina,  Pennsylvania, 
and  Utah. 

Objectives :     To  study  variation  in  coumestrol  content  of  five  varieties  of 

alfalfa  sampled  at  six  stages  of  growth  at  some  locations  and  at  the  1/10 
bloom  stage  at  all  locations  and  to  relate  such  variation  to  environmen- 
tal conditions;  to  study  coumestrol  content  of  commercially  dehydrated 
alfalfa. 

This  project  is  a  continuation  of  previously  supported  related  research. 
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THE  STATUS  OF  ETHOXYQUIN 


Roy  C.  Elrod,  Archer-Daniels -Midland  Company 
Kansas  City,  Mo. 

Probably  the  most  important  single  development  in  the  forage  crop  de- 
hydration industry  since  the  advent  of  inert  gas  storage  has  been  the  general 
adoption  this  year  of  the  application  of  ethoxyquin    in  water  emulsion  form. 
No  doubt  the  ruling  published  by  the  U.  S.  Food  and  Drug  Administration  early 
in  1961,  permitting  direct  addition  of  ethoxyquin  to  mixed  feeds  for  four- 
footed  animals  as  well  as  for  poultry,  did  much  to  encourage  wider  use  of  the 
antioxidant  by  feed  manufacturers  and  dehydrators.     However,  at  this  point  I 
would  be  remiss  if  I  failed  to  give  credit  to  the  Western  Regional  Research 
Laboratory,   the  American  Dehydrators  Association,  and  the  individuals  involved 
for  the  great  amount  of  time  and  effort  they  have  put  forth  over  a  period  of 
several  years,  working  toward  the  general  use  of  ethoxyquin  in  the  dehydration 
industry . 

In  a  survey  conducted  this  spring,  Joseph  Chrisman,  American  Dehydra- 
tors Association,  found  that  dehydrators  planned  to  apply  ethoxyquin  to  ap- 
proximately 80%  of  the  industry's  total  1961  production.    My  objective  here 
today  is  to  review  the  development  of  the  water-emulsion  form  of  ethoxyquin 
and  to  comment  on  the  status  of  use  in  the  dehydration  industry. 

One  of  the  problems  has  been  to  find  an  inexpensive  carrier  or  dispers- 
ing agent.     In  general,  feed-grade  animal  fat  and  vegetable  oils  are  satis- 
factory but  add  $1  to  $2  per  ton  to  the  cost  of  producing  antioxidant- treated 
meal.     Feed  manufacturers  who  did  not  desire  a  fat  or  oil-treated  meal  were 
not  interested  in  paying  for  the  added  fat  or  oil  in  order  to  gain  the  advan- 
tages of  antioxidant  application. 

Therefore,  work  was  initiated  to  find  other  suitable  carriers.  Pre- 
liminary studies  on  dry  carriers  were  made  by  Dr.  Ken  Maddy  and  associates  of 
Monsanto  Chemical  Company.     Their  initial  experiments  involved  testing  soybean 
oil  meal  and  degermed  corn  oil  meal,  used  to  make  up  an  ethoxyquin  premix 
which  was  incorporated  into  dehydrated  alfalfa  at  levels  of  0.0157o  of  ethoxy- 
quin in  the  meal.     The  treated  meals  were  stored  for  two  weeks  in  a  circulat- 
ing-air oven  maintained  at  140°  F.     Their  results  are  shown  in  Table  1. 

Table  1.     Ethoxyquin  in  dry  carriers  

Premix  ingredient  Level  of  ethoxyquin(7o)     Carot  me  retention (%) 


None  0  37 
None  .015  52 
57o  EMQ  (ethoxyquin)  soybean  meal  .015  62 
12.57o  EMQ  degermed  corn  oil  meal  .015  62 
20%  EMQ  degermed  corn  oil  meal  .015  62 


These  results  showed  that  the  use  of  ethoxyquin  premixed  on  a  dry 
carrier  vjas  effective  in  carotene  preservation. 
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In  a  second  experiment,   the  use  of  a  dry  carrier  was  compared  with  corn 
oil  as  a  liquid  carrier.     These  results  are  shown  in  Table  2. 

Table  2.     Alfalfa  meal  and  corn  oil  as  ethoxyquin  carriers  

Premix  ingredient  Level  of  etho:;yquin(%)  Carotene  retentionCy.,) 

None  0  33 

EMQ  in  corn  oil  0.015  61 

57o  EMQ  on  alfalfa  meal  .015  61 

10%  EMQ  on  alfalfa  meal  ;_015  58  

Although  these  results  were  encouraging,  dry  premixes  presented  storage, 
handling,  and  transportation  problems.     Water  seemed  to  offer  possibilities 
as  a  carrier  if  ethoxyquin  could  be  adapted  for  application  in  emulsion  form 
by  use  of  emulsifying  agents. 

In  an  experiment  at  ADM  (Archer-Daniels-Midland  Co.)  some  preliminary 
tests  indicated  that  a  water  emulsion  had  promise.     In  this  test  alfalfa  meal, 
animal  fat,  and  a  water  emulsion  of  ethoxyquin  using  Tween  65  v;ere  compared  as 
carriers  (Table  3) . 


Table  3.     Ethoxyauin  in  alfalfa 

meal,  animal  fat, 

or  water  emulsion 

Level  of 

Carotene (%) , 

Re  tent  ion  (7o)  , 

Premix 

ethoxyquin(%) 

7  da.  at  110°  F. 

67  da.  at  room  temp. 

None 

0 

62.7 

36.2 

107o  EMC  on  alfalfa 

0.015 

88.2 

70.3 

10%  EMQ  on  alfalfa 

hammer-mill  ground 

.015 

86.6 

70.2 

EMQ  in  l7o  animal  fat 

.015 

84.5 

62.7 

EMQ  in  1%  animal  fat 

hammer-mill  ground 

.015 

90.2 

67.3 

EMQ  in  H20-Tv7een  65 

.015 

82.2 

66.2 

The  results  indicated  that  a  water  emulsion  of  ethoxyquin  gave  good 
carotene  preservation,  and  similar  results  were  obtained  in  Monsanto  experi- 
ments with  a  water  emulsion  (Table  4).    Following  this  an  ethoxyquin  emulsion 
concentrate  was  made  available  by  Monsanto  for  further  testing. 


Table  4.     Ethoxyquin  emulsion  vs.   liquid  ethoxyquin 


Carotene  retention  (%)   in  dehydrated  alfalfa  after  2  v;eeks  at  131  F 

Test  1           Control-^  EMO^^ emulsion      EMQ  liouid 

Sample  1             49.1  67.7  64.4 

Sample  2    69.3  63.6 

Test  2 

Sample  1             48.3  62.0  57.2 

Sample  2    65.2  62.8 

Test  3 

Sample  1             46.7  72.5  65.8 

Sample  2    69.3  60.4 

 Average  48.03  67  .67  62.27  

2_/ Alfalfa  and  1  percent  of  water.  ^/Active  ethoxyquin  was  0.015  percent  in 

finished  product.       Reference:  Monsanto  Chemical  Co. 
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An  experiment  was  conducted  at  the  ADM  plant  in  Topeka,  using  the  ani- 
mal fat  application  system  for  addition  of  ethoxyquin  water  emulsion  to  re- 
ground  pellet  meal.     One-ton  lots  of  treated  and  non-treated  meal  were  stored 
for  120  days  under  warehouse  conditions  (Table  5) . 

Table  5.     Ethoxyquin  in  dehydrated  alfalfa  meal  

Carotene  retention  after  120  days 
Premix  Level  of  ethoxyquin (%)  Carotene  retention (7o) 

None  0  36 

Water  emulsion  0  .015  63  

In  this  experiment,  the  water  emulsion  gave  excellent  results. 

A  second  experiment  was  conducted  by  ADM  at  Schuyler,  Nebr.,  with  ethox- 
yquin emulsion  added  to  pellets  at  the  dehydrating  plant.     Ethoxyquin  in  a 
vegetable  fat  carrier  was  also  added  for  purposes  of  comparison  (Table  6) . 

Table  6.     Ethoxyquin  in  water  emulsion  and  vegefat  added  at  dehydrator  

Losses  of  carotene  as  I.U-  vitamin  A  per  pound 

No  Ethoxyquin.  Ethoxyquin 
  ethoxyquin  emulsiorr-  in  vegefat— ^ 


9/14/61                          169,100  units  191,000  units  190,700  units 

2/28/61                           89,950  "  170,800  "  158,750  " 

Loss                               79,150  "  20,200  "  31,950  " 

Loss(7o)                                 46.8  10.6  16.7 

Moisture  increase(7.)             1.97  1.68  2.27 

JL/With  17o  water  or  20  lb.  per  ton, 

2/With  17o  vegefat  or  20  lb.  per  ton,  

In  this  test,  exceptionally  good  results  were  obtained.     However,  it 
should  be  emphasized  that  this  test  was  conducted  during  the  cool  fall  and 
winter  months  when  smaller  carotene  losses  would  be  expected  as  compared  with 
higher  temperature  conditions  during  the  summer  months. 


Application  and  use  of  ethoxyquin 

At  the  present  time  it  appears  that  most  dehydrators  are  using  the  emul- 
sion form  of  ethoxyquin;  however,  some  still  use  it  diluted  in  animal  fat  or 
vegetable  oil.     In  general  the  system  for  application  in  water  emulsion  con- 
sists of  a  supply  tank  of  sufficient  capacity  (100  -  200  gal.)     to  hold  the 
amount  of  mixed  emulsion  required  for  at  least  12  hours  of  operation.  The 
dilutions  which  seem  to  be  in  common  use  are  1  gallon  of  ethoxy  uin  emulsion 
to  either  24  or  49  gallons  of  water.     The  l-to-25-gallon  mixture,  applied  at 
the  rate  of  1.25  gallons  per  ton  of  product,  or  the  1- to-49-gallon  mixture, 
applied  at  the  rate  of  2.5  gallons  per  ton,  will  give  the  required  level  of 
ethoxyquin,  0.0157o  or  0.3  lb.  per  ton  of  dehydrated  alfalfa.     Fifty  gallons  of 
emulsion,  made  up  1  gallon  of  ethoxyquin  emulsion  in  49  gallons  of  water,  will 
treat  20  tons  of  production.    Most  systems  include  mechanical  or  air  agitation 
in  the  supply  tank  for  mixing  and  maintaining  the  emulsion. 

Several  equipment  manufacturers  offer  pumps  which  can  be  used  for  ethox- 
yquin emulsion  application.     These  generally  are  of  the  piston-diaphragm  type 
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with  capacity  sufficient  to  cover  the  range  in  production  rate  of  the  dehydra- 
tion plant.     Some    of  the  manufacturers  who  have  suitable  pumps  are:  Wenger 
Mixer  Manufacturing  Co.,  Sabetha,  Kan.;   The  Madden  Corporation,   1345  Jarvis 
Avenue,  Chicago  26,   111.;  B-I-F  Industries,  Box  1342,  Providence  1,  R.   I.  Dia- 
phragms and  valve  seats  in  any  pump  used  should  be  of  plastic  construction  such 
as  Nylon,  Teflon,  or  Haplon,  because  rubber  or  neoprene  parts  are  susceptible 
to  deterioration  by  ethoxyquin  and  thus  v;ill  not  give  good  service. 

Based  on  reports  from  dehydrators,   it  seems  that  in  most  cases  the  emulsion 
is  being  introduced  into  the  pellet  mill  mixing  chamber  just  ahead  of  the  pel- 
let mill.     Other  possible  points  are  the  hammer  mill,  hammer  mill  fan,  or  a 
high-speed  mixer  ahead  of  the  pellet  mill.     At  present  it  appears  that  any  of 
these  methods  should  give  adequate  mixing  of  the  emulsion  with  the  meal. 

One  Midwest  dehydrator  describes  his  ethoxyquin  emulsion  equipment  and 
application  as  follows: 

1.  Application  equipment 

(a)  Made  by  Wenger  Mixer  Co . 

(b)  Batch  mixing  provisions 

1.  Capacity  for  48  hours'  maximum  production  rate 

2.  Accurately  metered  water 

3.  Mechanical  mixing  agitator 

4.  Mixing  and  control  simple,  convenient,  and  accurate 

(c)  Application  provisions 

1.  Constant  head  on  metering  equipment  and  nozzles  by  means  of 

elevated  surge  tank  with  by-pass  overflow 

2.  Extremely  accurate  control  and  metering  of  application  rate 

3.  Point  of  application  is  in  separate  nozzles   (not  steam  noz- 
zles)  in  pellet  mill  mixing  auger  (Sprout-Waldron) 

4.  Operation  simple  and  convenient 

2.  General  comment  on  system  and  operation 

(a)  Simple,  convenient,  accurate 

(b)  A  total  check  on  several  hundred  tons  cumulative  production 
indicates  an  average  deviation  of  less  than  5%  from  intended  ap- 
plication rate,  which  can  be  improved  with  experience  by  adjust- 
ing control  procedures 

Preservation  of  carotene  with  ethoxyquin  emulsion 

The  question  of  the  degree  of  preservation  being  obtained  V7ith  ethoxy- 
quin emulsion  under  production  conditions,   including  transit  and  storage,   is  of 
great  interest.     However,   it  still  is  too  early  in  the  season  to  evaluate  the 
performance  of  the  antioxidant  adequately.     This  question  could  be  more  fully 
answered  one  year  from  now.     However,   the  data  available  indicate  that  ethox- 
yquin is  providing  carotene  preservation  during  shipment  of  dehydrated  alfalfa. 
One  large  dehydrating  firm  has  submitted  the  following  data  on  comparable  car- 
load shipments  of  ethoxyquin- treated  and  non-treated  dehydrated  alfalfa  pellets 
(Table  7) . 
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Table  1.     In-transit  carotene  loss:     effect  of  ethoxyquin  

Carotene  as  I.U.  vitamin  A  per  pound 

Carotene 


Origin 

Destination 

Transit  time 

loss  per 

With  ethoxyquin 

220,000 

215,400 

9 

days 

0.23 

221,000 

211,000 

10 

days 

.45 

220,500 

204,000 

11 

days 

.68 

Average 

220,750 

210,100 

10 

.45 

No  ethoxyquin 

208,400 

197,000 

6 

days 

0.91 

209,500 

186,000 

10 

days 

1.12 

220,000 

185,000 

21 

days 

.76 

Average 

212,900 

189,300 

12. 

.3  days 

.93 

Source:     National  Alfalfa  Dehydrating  6e  Milling  Co.,  Kansas  City,  Mo.  

These  results  indicate  that  the  in-transit  carotene  loss  is  reduced  by  one-half 
as  a  result  of  ethoxyquin  addition.  This  same  dehydrator  reports  that  one  car, 
which  tested  182,000  I.U.  per  pound  on  arrival,  was  checked  10  days  later  and 
still  showed  180,000  I.U.  A  sample  from  this  car  tested  after  34  days'  stor- 
age in  the  laboratory  analyzed  166,000  I.U.  Similar  data  from  ADM  records  also 
indicate  that  ethoxyquin  is  reducing  the  in- transit  loss  of  carotene.  The  fol- 
lowing data  were  obtained  from  records  of  carload  shipments  of  Nebraska  produc- 
tion received  at  Schuyler  during  late  May  and  June,  1961  (Table  8). 


Table  8.     Effect  of  ethoxyquin  on  in-transit  carotene  loss 


With  ethoxyquin 
No  ethoxyquin 


Carotene  as  I.U.  vitamin  A  per  pound 


May  27  to  June  16,  1961 
No  cars 
67 
153 


Average  loss 
8,584  units 
16,633  units 


June  14  to  July  1,  1961 


With  ethoxyquin  No  ethoxyquin 

Tons  shipped                                              1,176  1,352 

Average  transit  time(days)                             2.33  3.06 

Analysis  at  origin,  protein(7o)                    18.20  16.78 

Carotene(units)                                      139,970  110,178 


Analysis  at  destination 


Protein(7o) 
Carotene (units) 


18  .15 
130,956 


16.87 

95,643 


Total  loss(units)  9,014  14,535 

Loss  in  percent  6.44  13.20 

Source:     Archer-Daniels -Midland  Co. 


As  the  season  progresses,  it  will  be  possible  to  accumulate  information  on  the 
effect  of  ethoxyquin  on  carotene  preservation  during  storage,  which  will  give 
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a  more  complete  picture  of  the  value  of  the  antioxidant.     Hov:ever,  based  on  the 
results  obtained  to  date  with  its  use,   it  appears  that  the  antioxidant  is  per- 
forming at  least  as  well  as  was  expected,  based  on  previous  experimental  data. 

In  summary  I  would  like  to  quote  remarks  by  an  official  of  one  of  the 
large  dehydrating  firms  in  a  recent  letter  to  me:     "I  am  personally  enthused 
about  etho::yquin  for  standard  protection  of  all  dehydrated  alfalfa  we  produce. 
I  think  it  is  a  for^^'ard  step  in  upgrading  an  important  ingredient  for  the  for- 
mula feed  manufacturers,  and  I  am  delighted  that  so  many  important  producers  in 
the  dehydrating  industry  are  also  using  ethoxyquin." 

The  author  wishes  to  thank  the  follovjing  individuals  and  firms  who  co- 
operated in  giving  information  for  this  report:     Mr.  Joseph  Chrisman,  American 
Dehydrators  Association,  Kansas  City,  Mo.;  Mr.  Raymond  Bert,  Bert  &  W^tta,  Inc., 
Maize,  Kan.:  Mr.  Warren  Wells,  Consolidated  Blenders,   Inc.,  Fremont,  Neb.;  Mr. 
Jerry  Fielder,  Dixon  Dryer  Co.,  Dixon,  Calif.;  Dr.  Lynn  Romoser,  Monsanto  Chem- 
ical Co.,   St.  Louis,   111.;  Mr.  W.  A.  Donnelly,  National  Alfalfa  Dehydrating  & 
Milling  Co.,  Kansas  City,  Mo.;  Mr.  Marvin  Rohloff,  Rohloff  Bros.,   Inc.,  Grayton, 
Ohio;  Mr.  Henry  G.  Moeller,  Sioux  Alfalfa  Meal  Co.,  Vermillion,  S.  Dak.;  Mr. 
Wally  Johnson,   Springbank  Dehydration  Ltd.,  Chilliwack,   B.  C,  Canada. 
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CHICK  GROWTH  FACTORS  IN  ALFALFA 


G.  0.  Kohler 
Western  Regional  Research  Laboratory 
USDA,  Albany,  California 

The  Utilization  Research  Divisions  of  the  Department  of  Agriculture  are 
responsible  for  research  to  increase  and  improve  utilization  of  farm  crops  and 
thus  benefit  farmers  by  strengthening  existing  markets  and  opening  new  ones. 
In  forages,  our  efforts  are  directed  primarily  toward  off-the-farm  processing 
and  are  closely  aligned  with  the  needs  of  the  dehydration  industry.     Along  with 
applied  research,  such  as  the  s&arch  for  a  practical  antioxidant  for  carotene 
and  xanthophylls ,  which  led  to  ethoxyquin,  we  have  devoted  much  energy  to 
basic  compositional  research  with  emphasis  on  biologically  active  compounds. 
This  emphasis  makes  sense;  dehydrated  alfalfa  is  produced  and  used  because  it 
is  a  good  source  of  such  compounds . 


Table  1.     Valuable  forage  crop  components 


Ruminants 

Non- ruminants 

1. 

Fat-soluble  vitamins 

yes 

yes 

yes 

2. 

1/ 
yes—' 

3. 

Water-soluble  vitamins 

yes 

Unidentified  growth  or  lactation 

stimulators  (e.g.  grass  juice 

yes 

4. 

no 

5. 

no 

6. 

yes 

X/  Pigmentation  in  poultry  and  eggs. 


In  Table  1  are  the  positive  factors  in  alfalfa  which  explain  why  it  is 
needed  by  the  feed  formulator.     In  the  past,  dehydrated  alfalfa  meal  has  been 
considered  as  essentially  a  source  of  carotene,  vitamin  E,  and  vitamin  K.  If 
these  were  the  only  important  factors  in  alfalfa  meal,   it  is  safe  to  say  that 
the  dehydration  industry  would  be  doomed.     Inexpensive,  stabilized  forms  of 
vitamin  A,  vitamin  E,  vitamin  K  and  water  soluble  vitamins  could  run  "dehy"  out 
of  business  from  a  cost  standpoint.     Further,  protein  is  cheaper  from  soybean 
oil  meal;   energy  is  cheaper  from  grains.     While  it  is  important  to  carry  out 
defensive  research  on  such  problems  as  availability  of  vitamin  E  and  carotene 
of  alfalfa,  and  to  make  every  effort  to  provide  products  as  rich  as  possible 
in  these  factors,   it  is  essential  that  vje  recognize  that,   today,  alfalfa  is 
used  primarily  for  its  unidentified  growth  and  reproduction  factors  and  for 
xanthophylls . 

If  all  samples  of  dehydrated  forages  could  be  relied  on  to  provide  sat- 
isfactory levels  of  unidentified  growth  factors,  you  might  ask,  perhaps  justi- 
fiably,  "Why  study  them?     We  have  it  made."     But  the  facts  are  that  as  long  as 
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we  do  not  know  the  chemical  nature  of  this  factor,  or  factors,  v^/e  cannot  meas- 
ure the  potency  of  our  samples  accurately,  we  cannot  produce  a  product  with 
maximum  and  uniform  potency,  and  we  cannot  even  be  certain  that  a  particular 
batch  of  meal  has  any  activity  at  all.     Yet  these  unidentified  growth  factors, 
about  which  we  know  so  little,  are  one  of  the  main  reasons  for  the  continued 
existence  and  growth  of  the  dehydration  industry. 

You  will  note  that  unidentified  growth  factors  are  referred  to  in  the 
plural.     Several  years  ago  in  a  review  article  in  Feedstuff s  I  referred  to 
evidence  for  unidentified  factors  in  forages  which  affect  growth  in  swine,  chicks, 
poults,  sheep,  cattle,  snails,   insects,  and  even  certain  types  of  worms.  Simi- 
larly, reproduction  of  many  species  of  animals  has  been  shown  to  be  affected 
by  forages  or  concentrates  made  from  them.     How  many  factors  are  single  compo- 
nents and  how  many  will  merge  when  more  is  known  is  uncertain.     However,  forage 
estrogens  are  probably  responsible  for  at  least  some  of  the  effects.     This  sym- 
posium will  bring  you  up  to  date  in  this  field. 

I  will  present  a  brief  review  of  the  unidentified  growth  factor  situa- 
tion for  growing  chicks  and  poults  and  will  present  results  of  exploratory 
experiments  which  demonstrate  that  the  "grass  juice  factor"  for  chicks,  which 
I  discussed  at  the  last  Technical  Alfalfa  Conference,  is  not  estrogen.  Its 
presence  is  still  demonstrable  with  fast-growing  chicks  on  what  I  categorize 
as  a  modern  'high-powered"  ration. 

To  live  normally,  an  animal  must  consume  certain  basic  building  blocks 
for  growth  and  maintenance.     These  building  blocks  are  such  materials  as  pro- 
tein, carbohydrate,  water,  calcium,  phosphorus  and  iron.     To  convert  food  into 
muscle,  bone,  blood,  etc.,  the  animal  must  utilize  biocatalysts  such  as  the 
enzymes.     The  body  can  synthesize  some  biocatalysts  from  proteins  and  carbohy- 
drates.    Others  must  be  supplied  in  the  diet.     These  are  "growth  factors", 
which  may  be  vitamins  or  essential  minerals.     Those  non-mineral  biocatalysts 
which  have  been  separated  from  foods  and  characterized  chemically  are  defined 
as  vitamins.     Those  which  are,  as  yet,  kno^m  only  by  their  growth-promoting 
effects  in  animals  are  known  as  unidentified  growth  factors. 

To  isolate  and  characterize  an  unidentified  growth  factor,  it  is  neces- 
sary to  be  able  to  measure  it,  preferably  with  a  rapid  uncomplicated  assay. 
The  greatest  barrier  to  progress  is  the  variation  in  animal  response.  Varia- 
bility is  seen  from  experiment  to  experiment,  from  season  to  season,  and  among 
laboratories.     It  may  sometimes  be  traced  to  differences  in  environment,  in 
ration  ingredients,  in  reserves  in  the  animals,   in  disease,  or  in  potency  of 
test  preparation.    More  often  the  cause  of  the  variability  cannot  be  traced. 

A  grass  juice  factor  for  chicks  was  first  reported  by  Kohler  and  Graham 
in  1951.     It  is  still  unidentified,  probably  because  of  difficulties  in  assay 
technique.     The  next  several  illustrations  show  results  on  chicks  and  turkey 
poults  which  demonstrate  some  of  the  variables  involved.     One  of  the  main  assay 
difficulties  stems  from  the  fact  that  there  are  several  unidentified  chick 
factors.     Each  must  be  measured  by  the  same  animal  response--growth.     It  is 
apparent  (Figure  1)  that  the  presence  of  one  affects  the  response  produced  by 
the  other.     Grass  juice  by  itself  gives  only  a  slight  growth  response.  Fish 
solubles  contain  a  second  unidentified  growth  factor  which  actually  caused  a 
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growth  depression  when  fed  alone.  But  when  fish  solubles  and  grass  juice  were 
combined  in  the  ration  a  marked  growth  response  was  obtained. 


Figure  1 .  Effect  of  dehydration  on  the  growth  promoting  properties  of  grass 
juice  and  fish  press  water. 


Figure  1  also  illustrates  the  destructive  effect  of  dehydration  on  the 
forage  growth  factor.  These  and  other  data  on  stability  show  that  even  though 
dehydration  is  somewhat  destructive,  "dehy**  samples  still  contain  the  growth 
factors  in  varying  amounts.  The  problem  is  how  to  get  the  full  value  of  the 
green  product  into  the  feed  bag.  Other  chick  growth  factors  have  been  reported 
from  direct  distillers'  solubles,  dried  whey,  and  fermentation  products.  We 
lose  assay  sensitivity  if  we  add  all  these  crude  sources  to  the  diet  at  one  time. 

The  next  three  illustrations  show  interaction  of  unidentified  forage 
growth  factors  with  another  ration  ingredient  --  antibiotics.     The  first,  from 
work  done  at  Cornell  (Figure  2),  shows  that  turkey  poults  on  an  antibiotic -free 
basal  ration  show  a  large  response  to  forage  juice  and  also  a  good  response  to 
aureomycin.    When  the  two  supplements  were  combined,  the  responses  were  not 
additive.     Therefore,  aureomycin  "spared"  the  forage  juice  effect.  Slinger 
obtained  similar  results  with  penicillin  and  forage  juice  on  poults.  However, 
when  he  used  poults  from  turkey  hens  fed  forage  juice,  this  effect  was  not  so 
pronounced  and  higher  growth  rates  were  obtained.     Hill,  using  chicks,  obtained 
no  response  at  all  with  either  forage  juice  or  aureomycin  separately  (See  Table 
2)  but  when  he  combined  them,  he  got  a  very  substantial  response.    Waibel  (1958) 
using  turkey  poults  obtained  results  similar  to  those  of  Hill.     To  quote  from 
Waibel 's  report:     "These  results  (Table  3)  are  at  variance  with  the  findings 
of  Scott  and  Jensen  (1952)  and  Slinger  et  al.  (1953)  that  antibiotic  largely 
spared  the  requirement  for  forage  juice  factors  or  vice  versa.     These  data 
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Figure  2.     Relationship  of  growth  factors  to  aureomycin. 
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are,  however,  in  agreement  with  the  report  of  Kohler  and  Graham  (1952)  regard- 
ing seasonal  depletion  in  forage  factor  carryover".    The  latter  results,  shown 
in  Figure  3,  illustrate  another  of  the  variables  difficult  to  control.  The 
barred  area  betwe  en  the  upper  and  lower  curves  represents  the  response  of  chicks 
to  the  forage  factor  over  an  eight-months'  period.    We  were  trying  to  study  the 
factor  and  were  doing  fine  in  winter  and  early  spring.     By  June  we  had  lost  our 
response.     In  the  fall  we  got  it  back. 

Table  2.     Effect  of  alfalfa  juice  and  aureomycin  on  growth  of  chicks  fed 

 glucose  as  the  carbohydrate  (Hil'l  et  al . »  1953)  

Supplement                                                                  5  wk.  wt . ,  gm. 
Basal  428 
57o  alfalfa  juice  413 
Aureomycin,  10  mg./lb.  437 
Alfalfa  juice  6e  aureomycin  494  


Table  3.     Influence  of  unknown  factor  supplements  and  chlortetracycline*HCl 


Ration 

A  (corn-soybean  oil  meal) 
A+37o  grass  juice  (GJ) 
A+25  ppm.  chlor tetracycline  HCl 
B  (with  unknown  factors) 

A+37o  GJ+25  ppm.chlortetracycline-HCl 
Bf37,  GJ 

B+25  ppm.  chlortetracycline'HCl 

B+3yo  GJ+25  ppm.  chlortetracycline-HCl 


,  1958) 

Weight 

Response 

Feed/ 

3  wks . 

% 

gain 

S- 

351 

1.76 

392 

11.7 

1.60 

398 

13.4 

1.58 

392 

11.7 

1.69 

410 

16.8 

1.65 

406 

15.7 

1.67 

414 

17.9 

1.69 

433 

23.4 

1.68 
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While  these  problems  are  formidable,  they  are  not  unique.     Indeed  -- 
the  same  types  of  problems  were  faced  for  each  of  the  vitamins  when  they  were 
in  the  category  of  unidentified  factors.     Nonetheless,  such  problems  have  def- 
initely kept  workers  from  tackling  the  job  of  isolation  of  new  factors. 

Several  recent  experiments  in  our  laboratory  lead  us  to  believe  that 
improved  knowledge  of  chick  nutrition  developed  in  the  past  several  years  will 
permit  an  assay  of  unidentified  forage  factors  and  hence  more  rapid  progress 
in  an  isolation  program.     This  improved  knowledge  of  chick  nutrition  involves 
five  specific  items.     One  of  these  is  the  development  of  knowledge  of  the  im- 
portance of  calorie-protein  ratio  for  chicks.     Another  is  the  availability  of 
vitamin  B12  ^^i^  folic  acid  in  pure  form.     A  third  is  the  discovery  of  the 
growth-promoting  effects  of  fats.     A  fourth  development  is  the  discovery  of  the 
importance  of  the  trace  metals  of  zinc,  selenium,  and  molybdenum  in  chick  nu- 
trition.    A  fifth  development  is  ethoxyquin  for  stabilizing  A  and  E  in  the 
ration.     We  recently  designed  a  purified  ration  which  took  all  of  these  new 
discoveries  and  developments  into  consideration.    We  were  interested  primar- 
ily in  using  this  ration  in  an  experiment  designed  to  determine  the  potency  of 
coumestrol  fractions  as  compared  with  stilbestrol,  using  weights  of  chick  ovi- 
ducts as  a  measure  of  estrogenicity . 


Table  4.     Ration  No.  GC-1 


Weight-grams 

Vitamin-free  casein 

2,500 

Gelatin 

1,000 

Corn  oil 

1,000 

Cellulose  (solkafloc) 

400 

Methionine 

50 

Cerelose 

4,350 

Vitamin  mix  WU-24 

100 

Salts  MK-2 

600 

10,000 

Table  5.     Salts  No.  M.K.-2  (Use  67,  in  ration.) 

Weight-grams 

Calcium  carbonate 

1,829 

Calcium  phosphate,  dibasic 

1,400 

Potassium  phosphate,  dibasic 

900 

Sodiiim  chloride 

880 

Sodium  phosphate,  dibasic 

730 

Magnesium  carbonate 

173 

Eeirric  citrate 

40 

Manganese  sulfate 

32 

Potassium  iodide 

4 

Zinc  carbonate 

10 

Copper  sulfate 

1 

Cobaltous  chloride 

0.72 

Sodiw  molybdate 

0.25 

Sodium  selenite 

(^,000.0? 

25 


Table  6.     Vitamin  supplement  WU-24  (Use  1%  in  ration.) 

Per  kg 


ration 


Vitamin  A  (250,000  U./g.) 

42 

.5 

mg. 

Vitamin  D  (Delsterol  3,000  I, 

•C.U.  g 

.) 

.  293 

g. 

Dl .  alpha  tocopheryl  acetate 

(1 ,000 

U./g.) 

20 

mg. 

Choline  chloride 

1 

.99 

g- 

Niacin 

53, 

.0 

mg . 

Ca  pantothenate 

18 

.5 

mg. 

Riboflavin 

5 

.74 

mg. 

Pyr idoxine 

5, 

.74 

mg. 

Thiamine 

3 

.54 

mg. 

Folic  acid 

2 

20 

mg. 

Biotin 

0 

.176 

mg. 

Vitamin  B, 

17 

.6 

mg. 

Vitamin  K  (Menadione) 

U  , 

mg . 

Inositol 

50 

.0 

mg. 

Ethoxyquin 

125 

.0 

mg. 

Procaine  penicillin  G 

8 

.8 

mg. 

Powdered  sugar 

7 

.34 

R- 

Total  weight 

10 

8- 

(10,600  U.) 
(880  I. C.U.) 


(=  17.6  mg.) 


The  basal  ration  is  shown  in  Table  4.     It  contains  107o  corn  oil  in 
addition  to  casein,  gelatin,  glucose,  methionine,  cellulose,  vitamins  and  min- 
erals.    This  looks  simple.     Table  5  shows  greater  complexity  in  the  breakdown 
of  the  mineral  mixture  used.     Here  are  additions  of  zinc,  molybdenum,  and  sele- 
nium, elements  which  only  a  few  years  ago  were  not  considered  to  be  important 
but  which  are  now  known  to  be  limiting  for  chick  growth  under  certain  conditions 
Table  6  shows  still  further  complexity  in  the  details  of  the  vitamin  supplement 
used.     All  known  vitamins  were  added  at  the  levels  of  two  to  four  times  the 
National  Research  Council  or  other  best  estimate  of  their  requirement.  In 
addition,  you  v.'ill  note  that  ethoxyquin  and    procaine  penicillin  are  added  to 
provide  antioxidant  and  antibiotic  effects. 

The  supplements  used  in  this  experiment  included  diethyl  stilbestrol 
and  8-to-l  concentrates  of  the  estrogenic  fractions  prepared  from  high  and  low 
estrogen  alfalfas   (Figure  4).     Each  supplement  was  fed  at  three  levels.  Based 
on  oviduct  weights,  even  the  highest  level  of  forage  concentrate  from  the  high- 
coumestrol  alfalfa  was  too  low  to  give  a  response.     Therefore,    ;e  cannot  con- 
sider this  to  have  been  a  satisfactory  estrogen  assay  even  though  the  stilbes- 
trol did  give  a  graded  oviduct  weight  response.     However,  the  interesting  part 
is  that  both  forage  concentrates  and  stilbestrol  gave  growth  responses  in  the 
neighborhood  of  207o.     That  the  growth  effects  of  the  stilbestrol  and  the  for- 
age extracts  were  not  due  to  a  similar  effect  is  shown  in  Figure  5  which  shows 
that  stilbestrol  did  not  significantly  affect  feed  efficiency  (gram  gain  per 
gram  of  feed  eaten)  while  the  forage  concentrates  did. 
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230  - 


Curve  fits  data  for  stilbestrol  (D)  and  hieh  (H) 
and  low  (L)  estrogen  alfalfa  concentrates. 


Alf.  cone. 
D.E.S.   


2   ( equiv  7(  alf  )  4 
40    (ppm)  80 


6 

no 


160 


Figure  4.  Torage  estrogen  concentrates:  18-day  weight  gains- -females--avg. 
3  replicates--6  to  7  chicks  per  replicate. 


Alf.       COnC.-^    2   (equiv  %  alf)  4  6  8 

D.E.S.    .8  — 40(ppm)  80  120  160 


Figure  5.    Forage  estrogen  concentrates;  l8-day  weight  gains  (as  in  Fig.  4). 
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Males 


2  3  4 

Alfalfa   juice    in    ration  (pet.) 


Figure  6.     Effect  of  alfalfa  juice  concentrate  on  chick  growth  (4  weeks) 


Several  years  ago  we  made  a  fairly  substantial  lot  of  alfalfa  juice  in 
order  to  resume  some  work  on  growth  factors.     In  several  preliminary  experi- 
ments with  chicks  we  were  unable  to  obtain  significant  growth  responses.  When 
we  saw  the  results  of  the  experiment  just  discussed,  we  felt  that  we  should 
recheck  the  activity  of  the  juice  which  had  been  stored  in  a  cold  room.  These 
results  are  shown  in  Figure  6.     Even  the  control  chicks  (males  at  540  grams 
in  4  weeks)  grev;  at  a  better  rate  than  is  ordinarily  obtained  on  commercial 
rations.     About  3%  of  alfalfa  juice  concentrate  (1.57o  solids)  in  this  ration 
(Table  4)  produced  an  increased  weight  gain  of  about  80  grams  in  the  males  and 
50  grams  in  the  females. 


This  is  about  where  we  stand  at  the  present  time.     As  for  the  future, 
our  limited  resources  are  quite  heavily  committed  to  the  estrogen  project  and 
will  remain  so  until  we  have  pushed  that  work  to  its  conclusion.  Nonetheless 
we  hope  to  be  able  to  repeat  this  work  and  to  prepare  larger  lots  of  concen- 
trates of  forage  growth  factor  during  the  coming  year.     We  shall  then  plan  to 
begin  further  fractionation  studies  to  isolate  the  active  factoi . 

By  way  of  summary,   research  on  unidentified  growth  factors  of  forages 
has  been  hampered  by  inconsistency  of  results  and  inadequate  assay  methods. 
By  application  of  recently  developed  improved  knowledge  of  chick  nutrition  a 
nev;  assay  ration  has  been  devised  which  appears  to  have  the  potential  for  open- 
ing up  this  field  for  rapid  progress.     In  spite  of  amazing  growth  rates  of 
poultry  achieved  in  the  past  several  years,   there  is  still  a  potential  for 
substantial  further  increases.     Processed  forages  should  play  a  key  role  in 
their  achievement. 
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BREEDING  ALFALFA  FOR  DISEASE  AND  INSECT  RESISTANCE 


Jl.  0.  Graumann 
Crops  Research  Division,  USDA 
Beltsville,  Maryland 

Funds  expended  on  breeding  for  resistance  to  alfalfa  diseases  and  in- 
sects have  paid  off  many-fold.     One  of  the  best  success  stories  is  that  of  Ran- 
ger alfalfa,  the  first  variety  bred  for  resistance  to  bacterial  wilt.  During 
the  past  several  years,  about  one-third  of  the  national  acreage  of  alfalfa,  or 
about  9  to  10  million  acres,  has  been  in  Ranger  alfalfa.     In  addition,   the  basic 
knowledge  which  accrued  from  the  development  of  this  variety  has  contributed 
significantly  to  the  development  of  additional  bacterial-wilt-resistant  varieties 
such  as  Buffalo,  Caliverde,  Vernal,  and  Lahontan.     The  current  annual  value  to 
United  States  farmers  of  these  bacterial-wilt-resistant  varieties  is  more  than 
$100,000,000.     Ranger  was  released  in  1942,  about  15  years  after  the  bacterial 
wilt  organism  was  identified  as  a  cause  of  stand  depletion  of  alfalfa 

The  stem  nematode  disease  of  alfalfa  is  not  as  widespread  as  bacterial 
wilt,  but  it  is  no  less  devastating  where  it  occurs.     The  production  of  alfalfa 
on  stem-nematode- invested  soils  in  Western  United  States  became  economical  with 
the  release  of  Lahontan  which,   in  addition  to  its  bacterial  wilt  resistance,  is 
resistant  to  nematodes.     In  1960  the  acreage  of  this  variety  had  climbed  to 
about  568,000.     In  addition,  this  variety  is  also  resistant  to  the  spotted  alf- 
alfa aphid.     The  stem  nematode  resistance  in  Lahontan  is  also  being  used  to 
develop  resistant  varieties  for  infested  areas  of  Eastern  United  States.  Un- 
fortunately, Lahontan  is  susceptible  to  foliar  diseases  and  is  poorly  adapted 
to  the  Eastern  half  of  the  United  States. 

Diseases  which  attack  the  leaves  and  stems  of  alfalfa  become  increasingly 
important  as  one  moves  eastward.     This  is  the  reason  why  Ranger  and  Lahontan 
give  way  in  eastern  states  to  more  resistant  varieties  such  as  Atlantic,  Vernal, 
Narragansett ,  and  Williamsburg.     At  present,  plant  breeders  are  working  on  at 
least  10  foliar  diseases  of  alfalfa.     Much  has  been  accomplished  in  breeding 
for  increased  resistance,  but  much  more  needs  to  be  done  for  stable  production 
and  high  quality  hay  in  eastern  states.     EKiring  the  past  year,  the  varieties 
Cayuga  and  Cherokee  were  released  in  New  York  and  North  Carolina,  respectively. 
Cayuga  yields  and  persists  well.     According  to  C.  C.  Lowe  of  Cornell  University, 
Cayuga  also  has  greater  regrowth  capacity  than  Vernal.     Cherokee  yields  well 
and  has  more  tolerance  to  leafhopper  yellowing  and  rust  than  varieties  present- 
ly grown  in  North  Carolina.     Preliminary  tests  also  indicate  that  it  is  more 
persistent . 

The  spotted  alfalfa  aphid,  one  of  the  worst  insects  to  strike  alfalfa, 
was  first  noticed  in  New  Mexico  early  in  1954.     During  the  next  3  years,  it 
caused  an  estimated  $25,000,000  of  damage  in  California  alone.     By  mustering 
all  forces,  it  was  possible  to  develop  the  variety  Moapa  in  time  for  release 
in  1957.     Moapa  has  growth  characteristics  like  African  and  is  adapted  to  areas 
where  growing  conditions  are  suitable  for  the  production  of  African.     Moapa  was 
developed  specifically  to  meet  the  spotted  alfalfa  aphid  problem  of  southwestern 
states.     The  savings  in  spraying  costs  resulting  from  use  of  Moapa  in  1960  alone, 
3  years  after  release,  were  more  than  $1,500,000.     In  1958  Zia  was  released  in 
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New  Mexico,  and  in  1959  Cody  was  released  in  Kansas.     Each  is  resistant  to 
attacks  by  the  spotted  alfalfa  aphid.     Soon  after  the  discovery  of  the  spotted 
alfalfa  aphid,  it  was  noted  that  Lanoptan  also  had  resistance. 

The  meadow  spittlebug  recently  came  under  attack  by  the  alfalfa  breeder. 
In  1960,  the  variety  Culver  was  released  in  Indiana.     This  variety  has  perfor- 
med well  under  spittlebug  infestation  without  the  use  of  insecticides.  With 
Infestations  of  epidemic  proportions,  however,  an  insecticide  application  may 
still  be  desirable  for  best  results. 

Pea  aphid  damage  to  the  first  crop  of  alfalfa  is  quite  common  over  most 
of  the  United  States,  although  it  is  seldom  lethal  to  the  plant.     Injury  varies 
from  stunting  to  damage  so  severe  that  the  entire  top  growth  is  killed.  Con- 
sidering the  entire  United  States,  the  damage  done  by  the  pea  aphid  ranks  it 
near  the  top  of  insect  pests  of  alfalfa.     Improved  techniques  for  the  selec- 
tion for  pea  aphid  resistance  in  alfalfa  are  hastening  the  development  of  re- 
sistant varieties.    A  breakthrough  ae ems  imminent  within  the  next  several  years. 

As  disease  and  insect  problems  are  being  solved  with  resistant  varieties, 
new  problems  come  to  the  fore.     The  alfalfa  weevil  problem  in  eastern  states 
has  become  so  devastating  as  to  threaten  the  use  of  alfalfa  for  forage  in  that 
region.     In  1959,  it  was  estimated  that  chemical  measures  to  control  weevil  in 
Virginia  alone  were  costing  farmers  $237,000  a  year.    Without  control  measures, 
estimated  annual  losses  in  that  state  would  have  been  nearly  2-1/2  million 
dollars.     Control  with  insecticides,  however,  received  a  setback  early  in  1960 
when  restrictions  were  placed  on  the  use  of  heptachlor.     With  new  problems 
arising  on  insecticide  residues,  resistant  varieties  appear  to  be  the  most  sat- 
isfactory solution  to  the  problem.     Every  effort  is  being  made  to  intensify 
research  on  the  development  of  alfalfa-weevil-resistant  varieties. 

The  seed-producing  area  has  had  its  share  of  new  problems  in  the  last 
several  years.     Losses  from  the  clover  seed  chalcid  have  mounted  and  this  in- 
sect now  is  a  major  pest  in  seed  production,  reducing  seed  yields  in  some  fields 
by  30  percent.     Insecticides  have  been  ineffective  and  improved  sanitation  prac- 
tices have  resulted  only  in  partial  control.     Resistant  varieties  or  other  prac- 
tical control  measures  are  urgently  needed  for  economic  seed  returns. 

A  modest  concluding  statement  would  be  that  alfalfa  varieties  of  today 
or  at  any  time  in  the  future  need  to  be  resistant  to  diseases  and  insect  pests 
conmaon  to  the  area  where  the  yarieties  are  to  be  grown  if  they  are  to  be  com- 
petitive.    Resistance  improves  quality  of  the  forage    and  increases  yield  and 
net  returns.     Finally,  resistant  varieties  may  be  the  answer  to  many  of  the 
chemical  residue  problems. 


30 


THE  AVAILABILITY  OF  VITAMIN  E  IN  ALFALFA  FOR  POULTRY 


P.  H.  Derse,  Director  of  Laboratories, 
Wisconsin  Alumni  Research  Foundation,  Madison,  Wisconsin 

The  subject  of  vitamin  E  availability  in  alfalfa  for  poultry  has  been 
controversial  for  many  years.    Most  interest  arose  during  the  fifties  when  en- 
cephaiomaicia  was  the  order  of  the  day.    A  full  review  was  reported  by  Dr , 
George  Kohler  at  the  Third  Alfalfa  Conference  in  July  1955.     The  early  observa- 
tions of  Singsen  et  al.  regarding  nonavailability  of  vitamin  E  in  alfalfa  were 
discussed.     The  possibility  of  erroneous  chemical  analysis  as  the  basic  cause 
of  poor  availability  was  suggested.     Later,  at  the  1956  Atlantic  City  Poultry 
Meeting  and  again  in  1958  at  Colorado  State  Alfalfa  Conference,  Kohler  et  al . 
reported  collaborative  work,  at  the  Western  Regional  Research  Laboratory,  with 
Scott  at  Illinois  and  with  Wisconsin  Alumni  Research  Foundation  laboratories 
to  substantiate  further  the  availability  of  vitamin  E  in  alfalfa.  Additional 
evidence  was  also  reviewed  along  with  results  obtained  in  the  Connecticut  Ex- 
periment Station. 

Several  general  conclusions  have  been  drawn  regarding  differences  be- 
tween laboratories:  (1)  analytical  differences,  (2)  feeding  levels,  and  (3) 
age  and  quality  of  alfalfa  employed.     Further  research  was  recommended. 

There  is  no  doubt  among  poultry  research  workers  that  vitamin  E  is  neces- 
sary.    Early  work  of  Pappenheimer  et  al.   (1931)  and  Dam  eX  al.   (1938)  suggested 
the  need.     Singsen  (1953)  pointed  out  that  a-tocopherol  in  a  purified  breeder 
ration  reduced  mortality  in  chicks.     This  was  substantiated  by  Jensen  (1953) 
and  Ferguson  (1956)  in  turkey  poult  hatch.     In  1957  Jensen  and  McGinnis  were 
able  to  demonstrate  a-tocopherol  value  with  turkey  poults.     With  the  advent  of 
drugs  such  as  furazolidone  Smyth  e_t  al_.(1959)  suggested  an  increased  require- 
ment of  vitamin  E  in  poultry  feeds. 

This  paper  covers  work  and  methods  set  up  in  the  Wisconsin  Alumni  Re- 
search Foundation  laboratories  and,  in  general,  work  not  yet  reported.  It 
might  be  wise  at  this  point  to  state  that  WARF  work  to  be  discussed  shows 
alfalfa- tocopherol  to  be  completely  available  under  the  test  procedure  employed. 

In  our  studies  on  availability  of  vitamin  E,  several  rations  were  em- 
ployed during  the  past  six  years:     Singsen' s  (1953)  white  corn  ration  (Table 
1),     H.  M.  Scott's  cerelose  vitamin  E  ration  (Table  2),  and  M.  L.  Scott's 
University  torula  yeast  ration  (Table  3). 

Through  our  previous  tests  we  had  found  that  neither  the  white  corn  nor 
the  cerelose  ration  would  produce  any  encephalomalacia  in  our  laboratory.  The 
torula  yeast  ration  produced  exudative  diathesis  and  reduced  weight  gain.  Ex- 
periment I  was  designed  employing  the  torula  yeast  ration. 

Experiment  I.  Sexed  day-old  Leghorn  cockerels  were  put  on  a  semi-synthetic 
ration  for  three  days  and  then  put  on  the  58%  torula  yeast  vitamin  E  basal 
diet  (Scott  ejL  al.  ,  Table  3)  for  the  remainder  of  the  test. 

The  chicks  were  randomly  distributed,  15  per  group.     Feed  and  water  were 
ad  libitum.     They  were  housed  in  a  Jaraesway  electrically  heated  battery  brooder 
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Table  1.     White  corn  basal  ration 

White  corn  basal 

Percent 

DO  .  40 

ooyucan  o ij.  meai  \j<J/oJ 

10  .00 

Crude  casein 

15  .00 

DLcwers  unea  yeasc 

rxoii  luccij.  \\j\J/oj 

Dicalcium  phosphate 

2.00 

vjrounu  iimescone 

1 . 50 

0 . 50 

A  Aloe 

Vitamin  A  and  D  feeding  oil 

It er  iuu  IDS. 

V-it-amin    Af'^    000    A  /  crm  ^ 

Ill  ^ 

i  i  J . J  gm . 

Vlt-a-m-in    Hi     ^1     'iOO    n/om  \ 

vi.Lciiiii.n         \L)jyj<j  1// gm  .  / 

. 4  gm. 

Vitamin    R- 1  9     /"A   mo    /IK    ^     (Cn-nn  \ 

V  J.  L.ciiiii.n  o~  L  i.  \\j  mg .  /  1 D  .  ^   ^^/onc  .  j 

vi.i.a.ini.n  D~i.z   ^ ry s i. X x.nc y 

ouu  gamma 

Niac  in 

1  CAA 

i  J  5UU  mg . 

^Z/  mg . 

Alt;  rr,n 

ojj  mg . 

ryL  luoxme 

Z/L/  mg . 

p  ~  fMUl-nOD  cn^O  1.1,    rV(,  Id 

9  9  7  wir» 

/  mg . 

j.nosi.LOi 

997  mr, 

1  mg . 

olo  c  m 

.       mg . 

Thiamine 

90  mg. 

Folic  acid  (crude  3%) 

605  mg. 

Vitamin  K 

45  mg. 

Choline  chloride 

40  mg. 

with  raised  wire  floors.     Weekly  weights  were  recorded  and  these  weights  and 
the  survival  of  the  number  of  birds  having  symptoms  of  exudative  diathesis  are 
given  in  Table  4. 


Dried  brewers  yeast  and  fish  meal  at  the  107o  level  and  dehydrated  alf- 
alfa leaf  meal  were  equivalent  to  5.0  mg./lb.  of  dry  vitamin  E  (d-cf- tocopheryl 
acetate)  in  preventing  diathesis  along  with  the  equal  weight  gain  changes. 
Selenium  (sodium  selenite)  at  0.10  ppm  was  equally  effective  in  reducing  the 
diathesis  incidence  and  restoring  normal  growth. 

The  ether  extract  (24-hour  extraction  in  a  soxhlet)  fraction  of  5%  alf- 
alfa leaf  meal  slightly  improved  weight  gain  and  mortality  and  reduced  the 
incidence  of  exudative  diathesis  but  did  not  completely  eliminate  it.     It  can 
be  postulated  that  the  protein  and  fiber  content  of  some  of  the  materials  tes- 
ted have  an  exudative-diathesis-sparing  action  and  increase  growth. 

Experiment  II.     In  an  attempt  to  improve  the  accuracy  of  the  chick  biological 
assay,  experiment  II  was  set  up  to  determine  the  levels  of  d-Ot-tocopheryl 
acetate  in  the  diet  necessary  to  bring  about  significant  storage  of  the  vitamin 
in  the  liver,  blood,  and  carcass  of  the  chicks. 
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Table  2.    Cerelose  vitamin  E  basal  ration  (Scott) 


V  A          Q  ♦* 

Cerelose 

JO  .70 

Laseln 

9  9  no 

Gelatin 

15.00 

Salts  (I) 

5.34 

Lard  (E-free) 

u . 

dl  -  Methionine 

Choline 

KJ  .  ZU 

V 1 Ldmins 

iniannne 

1 nn  no  mo 

Nlac  in 

1 nn  no  mo 

Ribof lavin 

1  f.    on  mcr 

Calcium  pantothenate 

90    00  mo 
zw  .  vjvj  lug  . 

Vitamin  iJ-iz 

O    0  9  mo 

u . u  z  mg . 

Pyr idoxine 

0 . vu  mg . 

Biotin 

0    AO  mo 

Folic  Acid 

4.00  mg. 

Menadione 

5.00  mg. 

Vitamin  D-3 

600  I.U. 

Vitamin  A 

10,000  I.U. 

Two  vltamin-E-f ree  diets  were  used,  the  Scott  cerelose  and  the  Singsen 
white  corn.     Four  groups  of  day-old  birds  were  started  on  the  Singsen  ration 
without  depletion.     One  group  served  as  a  control,  and  the  remaining  groups  were 
fed  ration  fortified  to  5,15,  and  45  mg .  d-a- tocopheryl  acetate  per  kilogram, 
respectively.     Three  or  four  birds  were  sacrificed  each  week  and  the  livers  were 
pooled  and  assayed  for  a- tocopherol .     On  the  Scott  cerelose  ration,  10  groups 
of  birds  were  started.     One  served  as  a  control;  groups  2,  3  and  4  were  supple- 
mented immediately  with  5,  15  and  45  mg.  d-a- tocopheryl  acetate/kg.  ration, 
respectively;  groups  5,  6  and  7  were  depleted  1  week  on  the  basal  diet  and  then 
supplemented  with  5,  15,  and  45  mg./kg.  of  d-a- tocopheryl  acetate/kg.  ration; 
and  groups  8,  9  and  10  were  depleted  2  weeks  and  then  begun  on  supplementation 
at  5,  15,  and  45  mg./kg.     Livers  were  taken  from  3  or  4  birds  after  each  week 
of  supplementation  and  assayed  for  a- tocopheryl .     The  experiment  was  terminated 
after  four  weeks,  and  the  livers  were  taken  for  analysis.     Blood  plasma  tocopher- 
ols were  run  on  the  pooled  blood  from  several  birds.     The  carcasses  of  two  birds 
were  placed  in  cold  storage  for  further  investigation.     These  results  and  the 
reference  to  the  chemical  methods  used  in  experiment  II  are  given  in  Tables 
5,  6,  7  and  8.     The  procedure  employed  in  obtaining  the  carcass  tocopherol  values 
is  as  follows  and  results  are  given  in  Table  8. 

Obtain  the  fresh  weight  of  the  tv;o  chicks,  then  grind  as  fine  as  possible 
(twice  in  hand  grinder)  and  dry  at  60-70°C.  overnight.     Rewelgh  so  that  a  rela- 
tive moisture  may  be  obtained.     Transfer  30  g.  of  dry  material  to  a  paper  thim- 
ble and  extract  overnight  with  Skelly  B  on  the  Bailey  Walker.     Remove  the  Skelly 
B  on  sand  bath  and  weigh  the  fat.     Determine  the  percent  fat  on  the  original 
carcass  weight. 
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Table  3.     Torula  yeast  ration 


Ingredients  Percent 

Torula  yeast  58.50 

Glucose  (cerelose)  28.26 

Sucrose   

Lard,  vitamin  E-f ree(stripped)  5.00 

Cellophane,  ground  3.00 

Glycine  0.50 

L-Arginine  HCl  0.24 

dl  -  Methionine  0.30 

Minerals*  + 

Vitamins**   + 


*    Di  calcium  phosphate,  2.55;  CaC03,  0.95;  NaCl,  0.6    FeS04.  7H2O,  0054; 

MnS04.H20,  0.036;  KI,  0.003    C0CI2.6H2O,  0.0002  percent. 
**  Thiamine  HCl,  0.2;  riboflavin,  0.4;  niacin,  2.7;  calcium  pantothenate,  1.5; 

pyridoxine  HCl,  0.45;  biotin,  0.015;  folic  acid,  0.08;  vitamin  K(menadione) , 

0.  08;  vitamin  B-12,  0.0005  mg.  and  vitamin  A,  459  I.U.;vitamin  D-3,  30 

1.  C.U.  per  100  gm.  of  diet.  

Transfer  the  fat  to  a  saponification  flask  with  three  2-ml .  portions  of 
absolute  ether,  add  30  ml.  of  ethanol,  1  g.  pyrogallol,  7.5  cc  KOH,  saponify 
10  min.,  add  90  ml.  H2O  +  100  ether  extract  (50-50),  wash  and  dry,  chromato- 
graph  on  20  cm.  MgHPO^CAmend  II),  elute  with  45  ml.  SKB  (some  yellow  moves  way 
down  column  but  not  off  as  carotene),  then  150  ml.  SKB  containing  2%  ethyl 
ether.     Take  down  and  make  to  15  ml.  with  SKB. 

The  livers  were  assayed  by  saponification  with  pyrogallol,  ether  extrac- 
tion, chromatography  on  secondary  magnesium  phosphate,  and  assay  by  Emmerie  - 
Engel  technique.     Blood  tocopherols  were  run  by  the  method  of  Quaife  and  Harris 
(Jour.  Biol .  Chem.  156:499). 


It  becomes  evident  from  these  data  that  the  growth  change  of  chicks  fed 
graded  levels  of    d-Ct- tocopheryl   acetate  is  not  significant.     The  levels  of 
tocopherol  in  blood,  liver  and  carcass  are  most  significant. 

Experiment  III.     This  experiment  was  set  up  to  demonstrate  that  3  and  6%  pelleted 
re-ground  dehydrated  alfalfa  leaf  meal,  with  and  without  added  ethoxyquin,  was 
equal  to  synthetic    d-a-tocopheryl  at  levels  up  to  30  mg./kg.  in  maintaining 
weight  gain.     The  liver  and  carcass  fat  values  for  67o  pelleted  and  re-ground 
alfalfa  are  equivalent  to    d-a-tocopheryl  acetate  at  15  mg./kg.  of  finished 
rations . 

In  this  experiment  day-old  White  Rock  sexed  male  chicks  were  maintained 
on  the  witamin  E-free  ration  (Scott,  University  of  Illinois)  for  two  weeks. 
The  chicks  were  weighed  at  two  weeks  of  age  and  distributed,  10  chicks  per  lot, 
into  16  lots  according  to  the  average  weights,  so  as  to  have  all  lots  contain 
chicks  of  equal  weight.     The  chicks  were  housed  in  a  Jamesway  electrically 
heated  battery  brooder  with  raised  wire  floors.    Feed  and  water  were  supplied 
ad  libitum. 

The  levels  of  supplementation  and  the  average  weights  at  1  and  2  weeks 
on  the  supplemented  rations  are  given  in  Table  9.     The  composition  of  the  basal 
ration  is  shown  in  Table  1. 
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Table  4.     Torula  yeast  results 


No. 

Surv 

Weeks  on 

test 

survi- 

vor; 

Group 

Supplement 

1 

2 

4 

vors 

% 

1 

Basal  (torula  yeast) 

80 

114 

]26 

7 

44 

2 

Selenium  0.1  ppm 

77 

114 

168 

14 

88 

3 

Selenium  1.0  ppm 

80 

124 

190 

16 

iOO 

4 

Selenium  10.0  ppm 

70 

100 

137 

16 

100 

5 

10%  wheat  std.  middlings 

83 

130 

214 

15 

94 

6 

No  lard,  cerelose 

substituted 

.75 

104 



0 

0 

7 

107o  dried  brewers  yeast 

78 

121 

175 

15 

94 

8 

Ether  extracted,  10% 

dried  brewers  yeast 

76 

118 

183 

15 

94 

9 

2.5  mg/lb  vitamin  E  equiv. 

d-a- tocopheryl  acetate 

78 

116 

160 

14 

93 

10 

5.0  mg/lb  vitamin  E  equiv. 

d-a- tocopheryl  acetate 

76 

111 

177 

14 

93 

11 

107o  ether  extracted  fish 

meal 

82 

130 

212 

12 

80 

12 

10%  fish  meal 

85 

140 

224 

14 

93 

13 

5%  ether  extracted  alf- 

alfa 

80 

129 

194 

15 

94 

14 

5%  alfalfa  =  5  mg,E/# 

80 

125 

185 

14 

93 

15 

Extract  from  1  lb ,  alfalfa 

-  5%  alfalfa 

77 

111 

142 

10 

67 

No. 
exudative 
diathesis 
14 


10 


The  two  samples  of  alfalfa  were  assayed  for  a- tocopherol  and  each  was 
found  to  contain  17.8  mg.  of  a- tocopherol  per  100  grams.     This  is  equivalent 
to  19.5  mg.  of  a-tocopheryl  acetate  per  100  gm.  when  corrected  for  the  dif- 
ference in  molecular  weight. 

After  two  weeks'   supplementation,   the  birds  were  sacrificed.     Samples  of 
blood  were  obtained  from  each  group  and  assayed  immediately  for  tocopherols. 
The  livers  from  each  group  were  pooled  and  frozen  until  they  were  assayed.  The 
carcasses  vjere  skinned  and  stored  frozen.     They  were  ground  and  dried  shortly 
before  assay  for  tocopherol.     The  results  are  given  in  Tables  9  and  10. 

Again  the  results  employing  the  semi  -  synthetic  ration  show  little 
change  in  growth  rates  as  related  to  change  in  amounts  of    d-a- tocopheryl 
acetate.     Blood,  liver  and  carcass  analyses  indicated  a  direct  response  to  in- 
creased levels  of    d-a- tocopheryl  acetate. 

Methodology:     Prior  to  discussing  the  results  of  these  experiments  and  their 
relationship  to  alfalfa  vitamin  E  availability  it  is  necessary  to  review  brief- 
ly the  analytical  techniques.     For  the  benefit  of  those  who  are  interested  in 
more  details  these  will  be  incorporated  in  the  publication. 

Methods  of  tocopherol  analysis:     Blood:     Ouaife  and  Harris,  J. B.C.,  156, 
499  (1944).     Liver:     This  method  used  is  a  combination  of  procedures:     N.  A 
Worker,  J.  Sci.  Food  Agric,  9,  122  (1958).     Bro-Rasmussen  and  Hjarde,  Acta 
Chemica  Scandinavia,  II,  34-43  (1957). 
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Table 

5.     Liver  and  blood 

tocopherol  values 

Singsen 

-  white  corn  diet  - 

-  no 

depletion       d-a- tocopheryl 

acetate  (Eastman) 

4th  week 

Group 

Liver  tocopherol  y/g 

ram 

Blood  tocopherol 

no . 

Description 

1  wk. 

2  wks  .     3  V7ks  . 

4  wks . 

mg./lOO  ml. 

11 

Basal  diet  only 

4.1 

3.1 

7.9 

0.084 

12 

5  mg./kg. 

1.2 

4.3 

3.1 

0.12 

13 

15  mg./kg. 

3.8 

4.3 

4.5 

0.26 

14 

45  mg./  kg. 

2.3 

3.1 

8.6 

0.74 

Liver  tocopherol:     Acta  Chemica  Scandinavia,  Ij^,     34-43  (1957). 


Blood  tocopherol:     Quaife  and  Harris,  J.  Biol.  Chem. ,  156,  499  (1944). 


Table  6.     Liver  and  blood  tocopherol  values  

Scott  cerelose  diet  --  d-a- tocopheryl  acetate  (Eastman) 

4th  week 


Group 

Liver  tocopherol  y/g 

ram 

Blood  tocopherol 

no . 

Description  1 

wk .       2  wks . 

3  wks . 

4  wks . 

mg./lOO  ml. 

1 

Basal  diet 

only 

1.6 

0.9 

0.9 

0.036 

2 

5  mg./kg.) 

no 

2.8 

1.8 

0.9 

0.16 

3 

15      "  ) 

deple- 

2.9 

2.6 

1.7 

0.25 

4 

45      "  ) 

tion 

5.4 

3.9 

2.8 

0.44 

5 

5  mg./kg. 

one  wk . 

1.8 

2.5 

7.3 

0.096 

6 

15  " 

deple- 

3.2 

6.6 

8.6 

0.28 

7 

45  " 

tion 

8.6 

10.9 

11.1 

0.74 

8 

5  mg,/kg. 

two  wks . 

4.2 

5.0 

0.14 

9 

15  " 

deple- 

4.9 

11.2 

0.31 

10 

45  " 

tion 

13.5 

13.9 

0.72 

Liver  tocopherol:     Acta  Chemica  Scandinavia,  1_1,  34-43  (1957). 


Blood  tocopherol:     Quaife  and  Harris,  J.  Biol.  Chem.,  156,  499(1944). 

The  freshly  ground  tissue  is  dried  with  sodium  sulfate  and  extracted 
overnight  with  hot  ethanol.     The  tocopherol  is  then  extracted  into  Skelly  B 
after  diluting  the  alcohol  with  an  equal  volume  of  water.     The  Skelly  B  extract 
is  then  washed  with  water  and  dried  with  sodium  sulfate.     An  aliquot  of  the 
sample  is  chromatographed  on  alumina  to  remove  carotene  and  then  it  is  rechro- 
matographed  on  secondary  magnesium  phosphate  to  remove  xanthophylls  and  other 
interfering  substances.     The  chromatographed  fraction  containing  the  a- tocopher- 
ol is  assayed  by  the  Emmerie  -  Engel  technique.     Carcass  fat:     The  method  used 
is  a  combination  of  procedures:     Saponification  in  the  presence  of  an  antioxi- 
dant:    N.  W.  Worker,  J.  Sci.  Food  Agric . ,  9,  122(1958). 

The  skinned  carcasses  were  ground  and  dried  in  a  low- temperature  air 
oven  and  reground.     The  dried  material  was  extracted  overnight  with  hot  Skelly 
B.     The  Skelly  B  was  removed  under  vacuum  and  a  percentage  of  fat  was  obtained. 
The  fat  was  then  saponified  in  the  presence  of  pyrogallol  and  the  tocopherols 
were  extracted  with  ether  and  transferred  to  Skelly  B.    An  aliquot  of  the  ex- 
tract was  chromatographed  on  magnesia  to  remove  xanthophyll,  then  on  alumina  to 
remove  carotene  and  other  interfering  substances.     The  fraction  containing  the 
tocopherols  was  then  read  by  the  Emmerie  -  Engel  technique. 
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Table  7.     Chick  weights  

Scott  cerelose  ration 

Average  weight  (grams) 


No. 

Description 

1  week 

2  weeks 

3  weeks 

4  wei 

1 

Basal  ration 

70 

93 

191 

287 

No  depletion 

2 

5  mg . /kg . 

69 

108 

191 

302 

3 

1 5  mg . / kg . 

71 

116 

191 

313 

4 

45  mg./kg. 

74 

118 

208 

320 

1  wk.  depletion 

5 

5  mg  .  /  kg  . 

70 

106 

184 

293 

6 

15  mg./kg. 

70 

103 

183 

290 

7 

45  mg./kg. 

74 

107 

174 

274 

2  wks .  depletion 

8 

5  mg . / kg . 

72 

95 

185 

306 

9 

15  mg./kg. 

76 

91 

184 

273 

10 

45  mg./kg. 

76 

80 

195 

302 

Singsen  white  corn 

ration 

11 

Basal  ration 

71 

114 

185 

299 

No  depletion 

12 

5  mg./kg. 

71 

109 

180 

290 

13 

15  mg./kg. 

79 

125 

199 

318 

14 

45  mg./kg. 

73 

112 

191 

311 

Table  8.     Carcass-fat  tocopherol  values 


Av. 

Av. 

r  /g. 

r  stored/ 

Group 

wet 

dry 

H2O 
% 

Fat/30g. 

Fat 

a- toco- 

bird 

no . 

Description 

weight 

weight 

8- 

% 

pherol 

in  fat 

1 

Control  (Scott 

cerelose) 

300 

76.0 

74.6 

4.424 

14.8 

10.5 

55.8 

2 

5  mg./kg. 

346 

82.0 

77.0 

3.943 

13.1 

30.5 

164 

9 

15  mg./kg. 

375 

94.0 

74.9 

4.639 

15.6 

86.5 

635 

10 

45  mg./kg. 

348 

87.0 

75.0 

5.024 

16.8 

159 

1160 

Little  discrepancy  exists  between  laboratories  at  this  point  on  materials 
such  as  blood,  liver,  etc.     The  real  difficulty  in  analytical  work  still  lies 
with  plant  tissue. 

WARF  procedure  for  alpha-tocopherol  in  alfalfa:     Bro-Rasmussen  and  Hjarde, 
Acta  Chemica  Scandinavica ,  JJ^,  34-43  (1957).     The  sample  of  alfalfa  is  saponfied 
in  the  presence  of  pyrogallol  and  the  tocopherols  are  extracted  with  redistilled 
ethyl  ether.     The  ether  extract  is  washed  and  dried  and  the  ether  is  removed 
under  vacuum.     The  non-saponif iable  residue  is  dissolved  in  redistilled  Skelly- 
solve  B.     An  aliquot  is  chroma tographed  on  secondary  magnesium  phosphate  which 
separates  the  a- tocopherol  from  carotene  and  xanthophylls .     The  tocopherol -con- 
taining fraction  is  then  assayed  by  the  Emmerie-Engel  procedure. 

Colorado  procedure  for  tocopherol  in  alfalfa:     Charkey,  Kans,,  Pyke,  Colo- 
rado Agr.     Exp.  Station,  Fort  Collins.     Samples  are  extracted  in  a  blender  with 
a  1-to-l  mixture  of  ethanol  and  Skelly  B  after  being  uniformly  v;et  with  water. 
Antioxidants  (DPPD  or  ethoxyquin)  are  present  to  prevent  oxidation.  Alcohol 
and  other  interfering  substances  are  removed  by  washing  and  the  Skellysolve 
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Table  9.     Chick  weights  

Average  weight  (grams) 


Lot 

Vitamin  E 

Tocopherol 

Week  on 

Supplemem 

no . 

Supplement 

level 

One 

Two 

1 

Basal  ration 



141 

206 

2 

Basal  ration 



139 

204 

3 

d-a- tocopheryl  acetate 

5  mg./kg. 

139 

201 

4 

d-a- tocopheryl  acetate 

5  mg./kg. 

138 

194 

5 

d-a- tocopheryl  acetate 

15  mg./kg. 

138 

201 

6 

d-a- tocopheryl  acetate 

15  mg./kg. 

143 

198 

7 

d-a- tocopheryl  acetate 

30  mg./kg. 

144 

200 

8 

d-a- tocopheryl  acetate 

30  mg./kg. 

144 

220 

Equivalent  to  d,  g-tocopheryl  acetate 


9      3%  pelleted  and  reground  alfalfa    5.85  mg./kg.  153  217 

10  37,  pelleted  and  reground  alfalfa     5.85  mg./kg.  143  213 

11  6%  pelleted  and  reground  alfalfa  11.7  mg./kg.  164  242 

12  6%  pelleted  and  reground  alfalfa  11.7  mg./kg.  159  240 

13  37o  pelleted  and  reground  alfalfa 

+  ethoxyquin  5.85  mg./kg.  130  288 

14  37o  pelleted  and  reground  alfalfa 

+  ethoxyquin  5.85  mg./kg.  152  229 

15  67o  pelleted  and  reground  alfalfa 

+  ethoxyquin  11.7  mg./kg.  137  208 

16  6%  pelleted  and  reground  alfalfa 

 +  ethoxyquin  11.7  mg  .  /kg  .  149  222 

The  ethoxyquin  vjas  added  to  the  alfalfa  at  0.0157o. 

1^/     Birds  were  two  weeks  old  when  started  on  supplements. 


extract  containing  the  tocopherol  is  made  to  volume.     An  aliquot  of  the  Skelly- 
solve  extract  is  chroma tographed  on  a  1-to-l  magnesia-supercel  column  which 
separates  carotene  and  tocopherol  from  the  bulk  of  the  yellow  pigments.  The 
tocopherol-carotene  fraction  is  then  subjected  to  molecular  distillation  and  the 
distillate  containing  the  tocopherol  and  part  of  the  carotene  is  treated  with 
857o  sulfuric  acid  to  remove  the  carotene.     The  tocopherol  is  then  assayed  by 
the  Emmerie  -  Engel  Method. 

Distillation  Products  Industry:     in  USDA  contract  studies  (1955). 

Sample  of  alfalfa  is  extracted  overnight  with  hot  ethanol  vapor  (16  hours). 
The  extract  is  diluted  with  an  equal  volume  of  water  and  extracted  with  Skelly- 
solve  B.     A  portion  of  the  extract  is  then  subjected  to  molecular  distillation 
to  concentrate  the  tocopherols.     The  distillate  is  then  hydrogenated  to  remove 
carotenoids  and  the  tocopherols  are  determined  by  the  Emmerie  -  Engel  procedure. 
Tais  is  essentially  the  procedure  believed  to  have  been  used  by  the  University 
of  Connecticut  vjorkers  . 


The  new  procedure  used  at  the  University  of  Connecticut  involves  the 
method  of  Bro-Rasmussen  and  Hjarde,  Acta  Chemica  Scandinavica ,   IJ^,  34-43  (1957). 
Exceptions  to  the  procedure  are  made  in  preparation  and  testing  of  the  secon- 
dary magnesium  phosphate  and  the  quantities  of  elutant  used.     With  the  latter 
change  the  analytical  values  will     probably  agree  between  laboratories. 
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Table  10.     Tocopherol  analyses  on  blood,   liver  and  carcass  fat  minus  skin 


tocopherol 


Blood 

Liver 

Carcass  fat 

No. 

Description 

mR/100  ml 

r  Im 

j/bud 

1 
2 

Basal  ration 

0.11 
0.10 

>0, 

.11 

3.1 
3.2 

>3.2 

26 

3 

5  ing./kg.  d,a-tocopheryl 

4 

acetate 

0.23 
0.24 

>0, 

.24 

4.9 
4.4 

>4.7 

^9  >57 
64 

5 

15  mg./kg.  d,Qf- tocopheryl 

6 

acetate 

II  II 

0  .48 
0.48 

>0, 

,48 

6.9 
7.6 

>7.3 

1^2 

148  >1^5 

7 

30  mg/kg.  d , a- tocopheryl 

8 

acetate 

M  II 

0 . 79 
0.79 

>0. 

79 

11 .4 
13 . 1 

>12.3 

oJo  >228 
239  ^^^"^ 

9 

37o  pelleted  and  reground 
alfalfa  equiv.   to  5.85  mg./kg 

10 

kg.  d, a- tocopheryl  acetate 
II  II 

0.17 
0.16 

>0. 

18 

4.9 
5.1 

>5.0 

59 

11 

6%  pelleted  and  reground 

alfalfa  equiv.  to  11.7  mg./kg. 

12 

d,  a- tocopheryl  acetate 

n  II 

0.28 
0.27 

>0. 

28 

6.9 
6.5 

>6.7 

116 

13 

37o  pelleted  and  reground 

14 

alfalfa  (+  0.0157,  Santoquin) 
equivalent  to  5.85  mg./kg/ 
d,  a- tocopheryl  acetate 

0.18 
0.16 

X). 

17 

4.9 
4.9 

>4.9 

82 

15 

67o  pelleted  and  reground 

16 

alfalfa  (+  0.0157.  S<intoquin) 
equivalent  to  11.7  mg./kg. 
d,  a-tocopheryl  acetate 

0.25 
0.31 

>0. 

28 

6.2 
6.9 

>6.6 

52* 

>134 

134 

*Omit  result. 

Discussion;     Since  the  initiation  of 

work  in 

this  field  the 

research  people  of 

Cornell 

University,  University  of  Illinois, 

and 

WARF 

Laboratories 

have  been  in 

general 

agreement  that  the  vitamin  E 

in  alfalfa 

is  c 

ompletely  available.  The 

workers  at  Connecticut  and  also  the  egg  storage  work  at  Texas  A  and  M  still  in- 
dicate disagreement.     The  work  reported  today  substantiates  the  availability 
of  vitamin  E  in  alfalfa.     The  value  of  data  covering  tissue  residue  data  for 
vitamin  E  may  be  challenged  when  more  information  regarding  storage  and  avail- 
ability accumulates.     Let  me  say  that  this  type  of  data  is  used  with  other 
vitamins  such  as  vitamin  A  and  K  and  even  some  of  the  water-soluble  vitamins. 
Some  evidence  is  being  obtained  to  illustrate  that  liver  storage  of  certain 
vitamin  A  materials  may  indicate  liver  storage  rates  but  may  not  have  anything 
to  do  with  use  and  availability. 

It  should  also  be  emphasized  that  the  work  reported  here  is  not  only 
that  of  WARF  Laboratories  alone  but  a  collaborative  effort  of  research  people 
from  several  areas  in  the  United  States.     Important  consideration  has  been  given 
to  procedure,  methodology,  quality  of  test  materials,  and  test  subjects. 
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Conclusions 


1.  It  has  been  determined  that  vitamin  E  is  necessary  for  maximum  growth  in 
poultry  with  certain  purified  rations. 

2.  Wheat  standard  middlings  at  10%,  selenium  (as  sodium  selenite)  at  0.1  and 
1.0  ppm,  10%  brewers  yeast    fresh  or  ether  extracted  (24  hours),  10%  fish  meal, 
fresh  or  ether  extracted  Y24  hours),  and  5%  alfalfa  fresh  or  ether  extracted 
(24  hours),  support  growth  and  prevent  exudative  diathesis  equal  to  that  of 
2.5  mg.  a-tocopheryl  acetate  on  a  high  torula  yeast  ration. 

3.  ,  Chemical  analysis  of  chick  liver,  carcass,  and  blood  for  tocopherol  from 
chicks  on  a  cerelose  ration  showed  that,  greater  differences  could  be  found 
between  levels  of  5,  15  and  45  mg«/kg'  after  depletion  periods  of  one  and  two 
weeks  than  is  possible  with  no  depletion. 

Summary 

Under  the  conditions  of  the  test  as  outlined  above,  the  vitamin  E  (d- 
a-tocopheryl)  in  alfalfa  when  the  properly  processed  alfalfa  is  fed  at  levels 
of  3  and  6%  in  a  semi- synthetic  ration  is  fully  available.  This  is  based  on 
growth  of  chicks  and  liver  and  fat  tocopherol  levels  in  the  chicks  when  com- 
pared to  standard  tocopherol-supplemented  birds.  Blood  levels  of  tocopherol 
do  not  appear  completely  satisfactory  for  comparative  purposes. 

References 

1.  Dam,  H. ,  Glavind,  J.,  Bernth,  0.,  and  Hagens,  E.     1938.  Antiencephaloma- 

lacia  activity  of  dl-a- tocopherol .    Nature  142:1157-1158- 

2.  Ferguson,  T.  M. ,  Vaught,  H.  P.,  Cross,  M.  S.,  Handler,  0.  J.  and  Couch, 

J.  R.     1955.  Vitamin  E  and  the  embryonic  development  of  the  turkey  eye. 
Poultry  Scl.  34:1193. 

3.  Jensen,  L.  S.,  Heuser,  G.  F.,  Scott,  M.  L.,  and  Norris,  L.  C.     1953.  The 

effect  of  vitamin  E  and  niacin  in  the  nutrition  of  turkey  and  breeders' 
hens.     Poultry  Sci.  32:907. 

4.  Jensen,  L.  S.,  McGlnnls,  James.     1957.     Studies  on  the  vitamin  E  require- 

ments of  turkeys  for  reproduction.     Poultry  Sci.  36:1344. 

5.  Pappenheimer,  A.  M. ,  and  Goettsch,  M.     1931.     A  cerebellar  disorder  in 

chicks,  apparently  of  nutritional  origin.     Jour.  Expt.  Med.  53:11-26. 

6.  Scott,  M.  L.,  Hill,  F.  W. ,  Norris,  L.  C,  Dobson,  D.  C,  and  Nelson,  T.  S. 

1955.     Studies  on  vitamin  E  in  poultry  nutrition.     Jour.  Nutr.  56:387. 

7.  Slngsen,  E.  P.,  Matterson,  L.  D.,  Kozeff,  A.,  Bunnell,  R.  H.  and  Jungherr, 

E.  L.     1954.     Studies  on  encephalomalacla  in  the  chick.     I.     The  Influence 
of  vitamin  E  deficiency  on  the  performance  of  breeding  hens  and  their 
chicks.     Poultry  Scl.  33:192-201. 

8.  Smyth,  J.  R. ,  Jr.,  Anderson,  D.  L.  and  Fox,  T.  W.     1959.     The  effects  of 

furazolidone  and  vitamin  E  on  turkey  reproduction.     Poultry  Scl.  38:288-2 


40 


QUANTITATIVE  DETERMINATION  OF  COUMESTROL  IN  FRESH  AND  DRIED  ALFALFA 


A.  L.  Livingston 
Western  Regional  Research  Laboratory 
USDA,  Albany,  California 

In  the  development  of  an  analytical  method  one  first  looks  for  a  unique 
physical  or  chemical  property  of  the  compound  to  be  measured,  which  will  serve 
as  a  "handle'    in  separating  and  identifying  it  among  others.     Coumestrol  has 
such  a  "handle    in  the  bluish  fluorescence  which  is  emitted  when  paper  chroma- 
tograms  containing  coumestrol  spots  are  radiated  with  ultra-violet  light.  This 
characteristic  property  was  utilized  in  certain  phases  of  its  isolation  and 
characterization,  and  later  in  its  qualitative  identification  in  other  plants. 

Once  we  had  decided  what    'handle  '  of  coumestrol  to  utilize  in  its  quan- 
titative determination,  our  next  steps  were  to  develop  a  procedure  for  separa- 
ting it  from  other  materials,  and  then  to  build  a  device  for  measuring  it. 
Our  procedure  is  applicable  to  either  fresh  or  dried  alfalfa.     It  consists  first 
of  the  preparation  and  purification  of  an  alfalfa  extract  which  contains  sub- 
stantially all  the  coumestrol  in  the  original  sample  of  forage.     Aliquots  of 
the  extract  are  then  spotted  on  paper  chromatograms ,  and  the  fluorescent  coumes- 
trol spots  measured  on  the  paper  by  a  direct-deflection  photo-electric  fluoro- 
meter . 

The  preparation  of  fresh  plant  material  consists  of  cutting  it  into  about 
one-inch  lengths,  uniformly  mixing  and  taking  a  portion  for  moisture  determina- 
tion.    The  remaining  sample  is  blended  with  alcohol  in  an  electric  blender  at 
high  speed.     The  mixture  is  filtered  and  the  filtrate  is  an  aliquot  of  the 
whole  extract.     If  it  is  inconvenient  to  perform  the  assay  immediately,  the 
fresh  plant  material  can  be  stored  in  a  sealed  container  with  alcohol  at  least 
3  months  with  no  measurable  loss  of  coumestrol. 

For  the  preparation  of  an  extract  of  dried  alfalfa,  the  meal  is  rehydra- 
ted  with  water  at  the  rate  of  4  ml  of  water  for  each  gram  of  conventionally 
dehydrated  alfalfa.    Alcohol  is  added  (4  volumes  of  alcohol  for  each  volume  of 
water  previously  added)  and  the  flask  is  stored  at  room  temperature  for  24  hours 
Then  the  mixture  is  filtered  by  the  procedure  used  for  the  extract  of  the  fresh 
sample,  and  an  aliquot  is  obtained  as  before  for  purification  and  analysis. 

For  purification,  the  alcohol  extract  is  treated  with  four  successive 
portions  of  petroleum  ether  in  a  separatory  funnel .     The  petroleum  ethgr  removes 
most  of  the  waxes  and  fat-soluble  materials  which  interfere  with  later  paper 
chromatography.     The  alcohol-water  phase  is  then  concentrated  in  a  rotary  evap- 
orator at  reduced  pressure  to  a  small  volume.     This  concentrate  is  transferred 
to  a  separatory  funnel  and  extracted  with  4  portions  of  ethyl  ether.     The  water 
phase  is  discarded  and  the  combined  ether  extracts  are  concentrated  and  careful- 
ly rinsed  into  a  volumetric  flask  with  absolute  alcohol  and  adjusted  to  known 
volume. 

In  the  preparation  of  paper  chromatograms,  aliquots  of  the  alfalfa  ex- 
tract and  a  standard  coumestrol  solution  are  alternately  spotted  along  a  line 
near  the  bottom  edge  of  the  paper,  the  quantity  of  extract  spotted  being  selec- 
ted so  as  to  give  a  coumestrol  level     that  will  fall  within  the  range  of  the 
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standard.     This  may  require  a  preliminary  examination  of  each  extract  to  estab- 
lish the  approximate  coumestrol  concentration.     The  paper  sheets  are  developed 
overnight  by  ascending  chromatography.     During  the  development  chlorophyll  and 
certain  other  colored  impurities  migrate  to  the  solvent  front,  while  a  con- 
siderable amount  of  additional  impurities  remain  at  the  origin.    Coumestrol  mi- 
grates to  about  Rf  0.5,  which  is  the  middle  of  the  paper(^^l).    Other  fluorescing 
impurities  may  be  observed  both  above  and  below  coumestrol  on  the  chromatogram. 
These  additional  fluorescing  materials  can  best  be  shown  by  means  of  a  two  di- 
mensional paper  chromatogram  in  which  the  materials  are  treated  with  a  solvent 
in  one  direction  and  later  treated  with  another  solvent  at  right  angles  to  the 
first  treatment.    Although  both  alfalfa  and  ladino  clover  contain  20-30  of 
these  fluorescing  compounds,  little  is  known  about  their  identity.     It  may  be 
that  growth  factors  or  other  biologically  active  compounds  are  included  among 
them.     We  are  now  engaged  in  isolating  and  characterizing  these  little  known 
but  intriguing  materials.    Following  development  the  papers  are  dried  in  a 
forced  air  hood  for  24  hours  before  reading.     The  coumestrol  concentration  on 
the  intact  paper  chromatogram  is  then  estimated,  using  the  fluorometer.  In 
Figure  1  the  chemist  is  shown  making  fluorometric  measurements. 
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Tne  fluorometer  was  designed  and  constructed  in  our  laboratory  by  Mr.  Glen 
Bailey  and  consists  of  a  light  source  which  irradiates  a  developed  paper.  The 
fluorescence  of  coumestrol  on  the  paper  then  activates  a  photocell  with  the 
response  indicated  on  a  galvanometer.     Each  chromatogram  has  its  o\<m  standard 
curve  and  the  values  from  several  chromatograms  are  averaged.     A  typical  stan- 
dard curve  is  shown  in  Figure  2. 


Coumestrol  ^  r 

Figure  2.     A  typical  standard  curve  for  fluorometric  measurement  of  coumestrol 
concentration. 

The  coumestrol  concentration  of  the  original  sample  is  calculated  on  a  dry 
weight  basis  as  p. p.m.  of  coumestrol.     The  precision  of  the  method  for  both 
fresh  and  dried  alfalfa,  using  four  replicate  spots  per  sample,  is  quite  good. 
Confirmation  of  the  results  by  the  paper  chromatographic  fluorometric  procedure 
was  obtained  by  two  alternate  measurement  procedures.     In  the  first,  aliquots 
of  the  purified  extract  were  applied  to  a  large  number  of  chromatostrips .  These 
are  small  strips  of  glass  that  have  been  coated  with  a  silicic  acid  adsorbent 
mixture.     The  adsorbent  mixture  behaves  in  a  manner  similar  to  that  of  the 
paper  in  paper  chromatography.     Examples  are  illustrated  in  Figure  3.  After 
development,  the  strips  were  placed  under  an  ultraviolet  lamp  and  the  fluores- 
cent zone  corresponding  to  coumestrol  carved  out  with  a  spatula.     The  silicic 
acid  adsorbent  mixture  was  eluted  with  methanol  and  the  adsorbance  of  the  re- 
sultant solution  containing  coumestrol  was  determined  by  use  of  an  ultraviolet 
spectrophotometer.     The  absorbance  data  of  the  test  materials  were  compared 
with  those  obtained  from  a  standardized  solution  of  pure  coumestrol  and  the 
amount  of  coumestrol  in  the  test  material  was  calculated.     Then  the  amount  of 
coumestrol  was  determined  through  measurement  of  its  absorbance  of  ultra- 
violet light  rather  than  through  measurement  of  its  fluorescence. 

In  the  second  alternate  procedure  the  fluorescent  zones  corresponding 
to  coumestrol  on  the  developed  paper  chromatograms  prepared  as  previously  des- 
cribed were  cut  out  and  their  absorbance  was  also  measured  in  the  ultraviolet 
spectrophotometer.     The  concentration  of  the  unknown  extracts  was  then  calcu- 
lated from  a  standard  curve  prepared  in  the  same  manner  from  the  fluorescent 


43 


Figure  3.    Glass  coated  with  adsorbent  mixtures  are  used  in  some  chromatography 

spots  of  pure  coumestrol .  The  precision  of  each  of  the  alternate  procedures  is 
not  as  good  as  that  in  which  paper  chromatography  is  used.  However,  they  were 
valuable  for  determination  of  the  reliability  of  the  chromatographic  procedure. 

During  the  past  year  we  have  employed  the  chromatographic  analytical 
procedure  on  hundreds  of  alfalfa  samples.    With  this  background  of  experience 
we  have  made  several  observations  regarding  simplification  and  improvement  of 
the  method.     One  of  the  first  improvements  was  in  the  technique  for  solvent 
extraction.     Although  the  blending  operation  was  fairly  rapid,  it  still  re- 
quired a  good  deal  of  labor  to  blend  and  filter  a  sample,  and  the  prospect  of 
blending  and  filtering  several  hundred  alfalfa  samples  did  not  appear  practical 
A  more  rapid  and  desirable  method  appeared  to  be  the  extraction  of  the  plant 
material  right  in  the  container.     Examination  revealed  that  merely  soaking  a 
fresh  alfalfa  sample  for  48  hours  in  alcohol  extracted  all  of  the  coumestrol 
and  gave  a  uniform  extract.     This  means  that  fresh  alfalfa  samples  shipped 
from  the  Middle  West  are  ready  for  analysis  upon  arrival.     The  general  proce- 
dure for  extraction  now  consists  of  taking  a  tared  1  quart  mason  jar,  adding 
600  ml  of  alcohol,  filling  the  jar  with  fresh  chopped  alfalfa,  and  finally 
weighing  the  jar  to  obtain  the  weight  of  fresh  alfalfa  added.    At  the  same 
time  a  sample  of  the  fresh  alfalfa  must  be  taken  for  moisture  determination. 
After  standing  for  48  hours,  the  forage  sample  in  alcohol  is  ready  for  analy- 
sis . 
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We  are  now  using  an  automatic  paper  chromatographic  spotting  device 
which  will  spot  as  many  as  eight  samples  on  a  single  sheet  of  paper  at  one  time 
with  quantitative  accuracy. 

Another  improvement  has  been  the  use  of  large  chromatographic  tanks  with 
capacity  for  ten  sheets  of  paper,  instead  of  the  smaller  single  sheet  tanks. 
We  are  also  using  a  paper  chromatographic  drying  oven  which  blows  warm  air  over 
the  papers,  drying  them  within  a  few  hours  and  enabling  us  to  read  a  chromato- 
gram  the  same  day  that  it  is  removed  from  the  chromatographic  tank. 

With  these  improvements  we  anticipate  being  able  to  more  than  double  the 
number  of  samples  assayed.     At  the  present  we  are  attempting  to  simplify  the 
method  further  by  eliminating  additional  steps.     However,  any  laboratory  using 
the  published  method  (1)  with  or  without  the  proposed  modifications  will  find 
the  method  for  coumestrol  no  more  complicated  than  that  for  carotene. 

Over  the  past  year  we  have  used  this  described  procedure  in  a  cooperative 
study  with  Dr.  Hanson  of  USDA's  Crops  Research  Division  and  various  members  of 
his  staff.     Some  of  the  results  will  be  presented  later  this  afternoon.  Through 
the  helpful  cooperation  of  Joe  Chrisman  and  the  American  Dehydrators  Associa- 
tion, we  also  have  under  way  a  cooperative  study  with  a  number  of  alfalfa  dehy- 
drators, involving  a  search  for  high  estrogen  alfalfa  meals.     Through  this 
study  several  tons  of  high  coumestrol  alfalfa  meal  have  already  been  obtained 
for  large  animal  feeding  work.     Dr.     Matsushima  of  the  University  of  Nebraska, 
Dr.  Oldfield  of  Oregon  State  University,  and  Dr.  Elam  of  the  Beef  Cattle  Re- 
search Branch  of  USDA  have  been  supplied  with  this  high  coumestrol  material 
and  will  report  some  of  their  results  on  large  animal  feeding  trials. 
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PROGRESS  REPORT  ON  A  STUDY  OF  CULTURAL  FACTORS  RELATED 
TO  ESTROGEN  AND  SAPONIN  CONTENT  OF  ALFALFA 


C.  H.  Hanson  and  G.  0.  Kohler 
Crops  Research  Division,  Beltsville,  Md.,  and 
Western  Regional  Research  Laboratory,  Albany,  Calif.,  USDA 

Coumestrol  and  saponin  are  important  chemical  constituents  affecting 
the  quality  and  value  of  meal,  hay,  and  other  alfalfa  products.     That  point  we 
shall  not  develop  further  in  the  present  report.     We  shall  be  more  concerned 
with  the  manner  in  which  coumestrol  and  saponin  fluctuate  in  alfalfa  and  with 
causes  of  fluctuation.     Are  the  fluctuations  erratic,  or  do  they  follow  a  pat- 
tern?    Can  one  predict  the  coumestrol  and  saponin  content  of  a  sample  from 
information  on  where  and  how  the  forage  was  produced?    Do  varieties  differ?  Do 
these  constituents  vary  with  cuttings,  geographic  regions,  and  years?    We  would 
like  to  know  the  relative  importance  of  each  variable  and  the  magnitudes  of 
their  interactions.     Our  studies  were  surveys  to  determine  the  principal  causes 
for  variation  of  coumestrol  and  saponin  content  in  alfalfa  meal. 

This  is  a  preliminary  report.     Complete  reports  authored  by  the  respec- 
tive cooperators  on  the  coumestrol  and  saponin  studies  will  be  published  as 
soon  as  the  work  has  been  completed.     The  field  tests  for  the  production  of 
samples  and  agronomic  data  were  conducted  by  the  following:     (a)  Saponin: 
J.  R.  Cowan,  Corvallis,  Oreg.;  H.  L.  Carnahan,  University  Park,  Penn.;  J.  W. 
Dudley,  Raleigh,  N.C.;  W.  R.  Kehr,  Lincoln,  Neb.;  C.  C.  Lowe,  Ithaca,  N.Y.; 
M.  W.  Pedersen,  Logan,  Ut.;  E.  L.  Sorensen,  Manhattan,  Kan.,   (2  locations); 
C.  P.  Wilsie,  Ames,  la.;  and  E.  H.  Stanford,  Davis,  Calif.     (b)  Coumestrol: 
H.  L.  Carnahan  and  A.  W.  Hovin,  University  Park,  Penn.;  J.  W.  Dudley,  Raleigh, 
N.G.;  W.  R.  Kehr,  Lincoln,  Neb.;  M.  W.  Pedersen,  Logan,  Ut.;  E.  L.  Sorensen, 
Manhattan,  Kan.;  C.  P.  Wilsie,  Ames,  la.;  and  E.  H.  Stanford,  Davis,  Calif. 
Individuals  performing  chemical  analysis  were  as  follows:     (a)  Saponin, 
G.  R.  Van  Atta,  Albany,  Calif.,   (b)  Coumestrol,  E.  M.  Bickoff,  Albany,  Calif. 

The  samples  and  agronomic  data  were  collected  by  personnel  of  Alfalfa 
Inve^stigations ,  Crops  Research  Division,  Agricultural  Research  Service,  and 
cooperating  State  Agricultural  Experiment  Stations.     The  saponin  and  estrogen 
determinations  were  made  by  the  Western  Regional  Research  Laboratory,  Albany, 
Calif.     The  Crops  Research  Division  provided  funds  for  protein,  fiber,  and 
other  chemical  determinations. 

Statistical  computations  were  made  on  data  from  a  "core"  of  varieties 
common  to  all  locations,  and  included  analyses  of  variance,  computation  of 
mean  square  expectations,  estimation  of  variance  components,  and  covariance 
analyses.    We  shall  not  burden  you  with  the  details  of  the  statistical  proce- 
dures used.     We  shall,  however,  depend  cm  the  statistical  analyses  as  a  tool 
for  digesting  and  summarizing  the  data  so  as  to  obtain  a  few  values  for  char- 
acterizing the  kind  and  magnitude  of  fluctuations  observed. 

Coumestrol  study 

The  varieties  Buffalo,  Ranger,  Lahontan,  Vernal,  and  Du  Puits  were  used 
in  the  coumestrol  study.     These  represented  the  principal  types  of  germ  plasma 
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Table  1.  Coumestrol  content  (ppm)  of  alfalfa  (1/10  bloom)  averaged  over 
 varieties  and  cuttings  within  States  (first  year)  


In  state  vjith  lowest  content 

3 

In  state  with  highest  content 

147 

Average  for  all  states 

60 

Table  2.     Coumestrol  content  (ppm)  of 

alfalfa 

varieties  averaj 

led  over  7 

locations   (first  year) 

Coumestrol  content: 

Variety 

cutting 

1 

2 

3 

Av. 

Buffalo 

58 

50 

64 

58 

Ranger 

52 

62 

74 

63 

Lahontan 

44 

64 

107 

72 

Vernal 

34 

51 

76 

54 

Du  Puits 

37 

56 

66 

53 

Av. 

45 

57 

78 

60 

found  in  alfalfa  varieties  of  the  United  States.     They  were  seeded  in  replicated 
plots  at  each  of  the  seven  locations  listed  above.     The  varieties  were  cut  in 
the  one- tenth-bloom  stage  and  analyzed  to  determine  the  relative  importance  of 
varieties,  cutting,  locations,  and  their  interactions  on  coumestrol  content  of 
alfalfa.     Additional  plots  of  Ranger  and  Buffalo  were  seeded  at  Lincoln,  Nebr., 
and  Davis,  Calif,  to  determine  the  effect  of  stage  of  growth  on  coumestrol  con- 
tent.    The  stages  of  growth  sampled  were  as  follows:     10  inches  high,  early  bud, 
one-tenth  bloom,  full  bloom,  10  days  after  full  bloom,  and  25  days  after  full 
bloom . 

When  cut  at  the  one- tenth-bloom  stage  (Table  1),   the  average  coumestrol 
content  of  all  samples  for  the  location  with  the  lowest  content  was  3  ppm  of 
alfalfa  (dry  basis),  whereas  samples  for  the  location  with  the  highest  content 
averaged  147.     The  average  content  for  all  varieties,  first  three  cuts,  and 
locations  was  60  ppm.     The  most  important  variable  or  cause  of  fluctuation  in 
coumestrol  content  of  alfalfa  in  the  first  year  of  the  study  was  that  associated 
with  locations.     Locations  accounted  for  more  than  half  of  the  total  variability 
estimated  V7hen  alfalfa  was  cut  at  the  one- tenth-bloom  stage.     The  cuttings  x 
location  interaction  accounted  for  about  20  percent  of  the  total  variation  and 
was  the  next  important  source  of  variation. 

Coumestrol  content  increased  from  the  first  to  the  third  cutting 
(Table  2).     Lahontan  alfalfa  tended  to  have  a  higher  content  of  coumestrol  than 
other  varieties  in  the  second  and  third  cuttings.     Samples  cut  at  different 
stages  of  growth  at  Lincoln,  Nebr.  increased  in  coumestrol  content  with  age. 
Alfalfa  harvested  25  days  after  full  bloom  had  the  highest  coumestrol  content. 
At  Davis,  Calif.,  however,  there  was  no  consistent  trend  and  samples  had  a  much 
lower  coumestrol  content  than  those  from  Lincoln,  Nebr. 

The  coumestrol  study  is  being  continued  in  1961  along  lines  similar  to 
those  followed  in  1960.     Additional  data  are  needed  to  substantiate  or  reject 
the  strong  trends  indicated  in  the  1960  data,  namely,  that  when  cut  at  a  con- 
ventional hay  stage,  environmental  conditions  associated  with  the  respective 
locations  were  the  principal  causes  of  variation  of  coumestrol  content. 
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Table  3.  Saponin  content  (7o)  of  alfalfa  varieties  in  1/10  bloom  stage 
 averaged  over  8  locations^^  


Variety 


Cutting 


1 

2 

3 

Av. 

Buffalo 

2.35 

2.74 

2.76 

2.62 

Ranger 

2.24 

2.76 

2.71 

2.57 

Lahontan 

2.13 

2.42 

2.40 

2.32 

Vernal 

2.38 

2.93 

2.86 

2.72 

1^/  Excludes  California  and  Oregon  sampl 

es  because  certain  cuttings  or 

varieties  were  missing. 

Additional  time  is  also  needed  to  complete  the    statistical  analysis  of  the  1960 
data  to  determine  the  interrelationships  existing  between  coumestrol  and  other 
factors  studied. 


Saponin  study 

Four  varieties,  Buffalo,  Lahontan,  Ranger  and  Vernal,  were  seeded  in 
replicated  block  design  at  locations  in  each  of  nine  States  indicated  on  page 
46.  One  cutting  was  lost  at  Corvallis,  Oregon,  so  that  this  location  was  not 
included  in  the  combined  analysis.     California  also  could  not  be  included  in 
the  combined  analysis  because  data  were  missing  on  two  of  the  "core"  varieties. 
At  several  locations,  varieties  such  as  Du  Puits  and  African  were  also  included. 
The  alfalfa  was  harvested  at  the  one- tenth-bloom  stage  in  each  cutting  during 
1959  for  analysis  of  saponin  content  and  other  constituents  such  as  protein  and 
fiber.    Data  were  collected  at  each  location  on  forage  yield,  defoliation,  soil 
moisture,  temperature,  sunshine,  and  other  variables  to  determine  their  inter- 
relationships with  saponin  content. 

The  statistical  analysis  showed  that  varieties  differed  significantly 
in  saponin  content,  Lahontan  being  the  lowest.     Locations,  per  se ,  had  very 
little  effect  on  saponin  content,  but  the  interaction  of  locations  and  cuttings 
was  sizable.     The  largest  single  source  of  variation  noted  in  the  saponin  study 
was  cuttings.     The  first  cutting  of  the  season  was  considerably  lower  than  the 
second  and  third  (Table  3) . 

Interrelationships  were  studied  at  10  locations  between  saponin  and 
the  following  characters:     forage  yield,  °U  protein,  %  fiber,  "U  ash,  %  fat,  "U 
nitrogen-free  substances,  and  defoliation.     In  most  cases,  "L  saponin  was  neg- 
atively correlated  with  forage  yield  and  %  fiber,  and  positively  correlated 
with  7o  protein.     The  strongest  associations  were  usually  noted  when  cutting 
means  were  used.     One  could  not  determine  whether  the  interrelations  represen- 
ted associations  between  the    characters  per  se ,  or  merely  indicated  inter- 
relationships due  to  common  causes.     There  were  indications  of  other  inter- 
relationships which  require  further  study. 

In  concluding,  we  should  point  out  that  additional  information  will  be 
obtained  from  the  complete  analysis  of  data  for  the  two  studies.     At  present, 
however,  it  is  obvious  that    the  pattern  of  variation  associated  with  coumestrol 
content  is  very  different  from  that  characterizing  variation  in  saponin  con- 
tent.    Variation  in  estrogen  content  appeared  to  be  caused  predominantly  by 
environmental  factors.     For  saponin,  on  the  other  hand,  location  effects  were 
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insignificant.    Varieties,  cuttings,  and  interactions  between  cuttings  and  lo- 
cations were  the  principal  causes  of  variation.     This  work  indicates,  therefore, 
that  the  methods  for  changing  coumestrol  and  saponin  content  of  alfalfa  may  be 
quite  different.    From  a  standpoint  of  varietal  .improvement,  for  example,  one 
would  expect  breeding  and  selection  in  alfalfa  to  be  more  effective  in  changing 
the  saponin  content  than  the  coumestrol  content.     One  must  keep  in  mind,  however, 
that  these  studies  dealt  with  the  overall  causes  of  variation  and  did  not  take 
into  account  plant-to-plant  variation  within  varieties. 

We  might  assume  that  the  day  is  coming  when  livestock  men  will  demand 
alfalfa  for  feeding  which  is  either  high  or  low  in  coumestrol  activity,  depend- 
ing on  the  kind  of  livestock  fed.     The  first  year's  data  from  the  present  study 
suggest  that  the  area  in  which  the  alfalfa  grower  is  producing  the  crop  may  be 
the  most  important  factor  determining  the  use  for  which  his  product  is  best 
adapted . 
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ESTROGENS  AND  DEHYDRATED  ALFALFA  IN  BEEF  CATTLE  FEEDING: 
Review  of  Five  Years'  Work 


J.  K.  Matsushima 
University  of  Nebraska,  Lincoln 


Prior  to  1956,  several  feeding  tests  at  Nebraska  showed  that  cattle  gains 
increased  with  higher  feed  efficiency  when  the  rations  included    dehydrated  alf- 
alfa or  alfalfa  hay.     One  test  in  1955  and  another  similar  test  in  1956  showed 
an  improvement  in  cattle  performance  when  the  ration  contained  dehydrated  alf- 
alfa.    The  results  are  shown  in  Table  1. 


Table  1.     Protein  supplements  with  stilbestrol--Trials  I  and  II,  1955  and 

 1956  112  days  each  

1955  trial  1956  trial 


S.O.M. 

L. S.O.M. 

Dehy.  + 
S.O.M. 

S.O.M. 

L. S.O.M. 

Dehy  + 
S.O.M. 

Daily  ration: 

Grd.  sh.  corn 

20.9 

20.4 

20.9 

18.1 

17.9 

17.8 

Supplement 

.73 

1.0 

0.5  6c  0.75 

0.75 

1.0 

0.5  6e  0.75 

Alfalfa  hay 

2.9 

3.2 

2.9 

3.8 

3.8 

3.9 

Prairie  hay 

2.0 

2.1 

2.1 

Av.  daily  gain 

3.02 

3.12 

3.20 

2.40 

2.62 

2.65 

Feed  efficiency 

880 

834 

850 

938 

868 

864 

Several  feeding  trials  were  conducted  to  compare  the  feeding  values  of 
alfalfa  hay,  prairie  hay,  and  brome  hay  as  roughages  in  cattle  fattening  rations. 
The  rations  that  required  additional  protein  were  supplemented  with  soybean  oil 
meal  or  urea.     All  rations  were  nearly  the  same  in  total  protein.     The  results 
from  the  1956  trial  are  shown  in  Table  2. 


Table  2.     Different  kinds  of  hay  for  fattening  cattle--177  days  (1956) 


Prairie 

Brome 

Alfalfa 

hay 

hay 

hay 

Initial  wt . ,  lbs . 

781 

781 

784 

Daily  gain,  lbs. 

1.76 

1.63 

1.86 

Daily  ration: 

Corn 

16.7 

15.7 

15.5 

Hay 

3.5 

3.6 

3.4 

Suppt.:  S.O.M. 

1.26 

1.26 

0 

or  urea 

0.19 

0.17 

0 

The  results  shown  in  Tables  1  and  2,  along  with  other  data  from  the 
Nebraska  Station,  were  the  bases  for  the  experiments  presented  in  the  discussion 
which  follows.     The  primary  objectives  of  these  trials  during  the  past  five  years 
were  to  (1)  determine  the  value  of  dehydrated  alfalfa  as  a  protein  supplement 
with  and  without  stilbestrol;  and  (2)  to  determine  if  the  estrogen  content  in 
dehydrated  alfalfa  might  be  the  factor  that  increases  the  performance  of  cattle 
in  feed  lots. 

1957  and  1958  Data  Combined:     Since  the  feeding  trials  conducted  in  1957  and  1958 
had  the  same  objectives  and  the  results  were  very  similar,  the  data  have  been 
combined.     Perhaps  the  main  difference  in  the  two  trials  was  the  duration  of  the 

feeding  period    155  and  184  days  for  the  1957  and  1958  trials,  respectively. 

The  results  are  presented  in  Table  3.     The  initial  weights  of  the  steers  in  each 
trial  were  695  and  605  pounds.     The  daily  ration  consisted  of  a  full-feed  of 
ground  shelled  corn,  3.5  -  4.5  pounds  of  prairie  hay,  plus  the  protein  supplements 
shown  in  the  table.  cn 


Table  3.    Daily  gain  of  fattening  steers  fed  dehydrated  alfalfa  as  a  pro- 

 tein  supplement  with  and  without  stilbestrol  (avg.  of  two  trials) 

Level  of  dehy. 
alfalfa,  lbs,  daily!' 
Without 
stilbestrol 
With  10  mg. 

stilbestrol  

Increase 

from  stilbestrol (7.)  19.3  12.6  9^5  7_J  

1/  Cattle  that  were  fed  0,  1.25  and  2.5  lbs.  dehydrated  alfalfa  were 
 equalized  in  supplemental  protein  intake  by  feeding  soybean  oil  meal.  

The  cattle  fed  the  2.5  lbs.  of  dehydrated  alfalfa  without  the  stilbestrol 
gained  nearly  as  much  as  the  cattle  fed  soybean  oil  meal  as  the  protein  supple- 
ment with  10  mg.  of  stilbestrol.     Also,  the  decrease  in  response  from  stilbestrol 
was  noted  when  the  level  of  dehydrated  alfalfa  was  increased  (Table  3).  These 
data  indicated  that  the  estrogen  in  dehydrated  alfalfa  is  a  possible  factor  in 
stimulating  gains  and  increasing  the  performance  of  cattle.     Hence,  the  1959 
trial  was  designed  to  compare  the  feeding  values  of  dehydrated  alfalfa  with  low 
or  high  estrogen  potencies. 

1959  Feeding  Trial:     Yearling  steers  weighing  approximately  550  pounds  were 
individually  fed  a  fattening  ration  243  days.     The  basal  mixture  consisting  of 
73  percent  ground  shelled  corn,  5  percent  molasses,  and  22  percent  brome  hay 
was  pelleted.     Both  the  low  and  high  estrogen  dehydrated  alfalfas  were  pelleted. 
The  groups  that  received  the  stilbestrol  had  the  additive  incorporated  into  the 
basal  pellets.     The  results  of  the  experiment  are  shown  in  Table  4. 

Table  4.     Feeding  dehydrated  alfalfa  with  different  estrogen  values  - 


243-day  experiment 


JEstrogen  leveli^ 

I 

II 

I 

II 

Stilbestrol,  daily 

0. 

0. 

5.g. 

5.g. 

Daily  gain,  lbs. 

2.15 

2.10 

2.19 

2.25 

Daily  feed,  lbs. 

19.2 

17.5 

18.4 

18.8 

Feed  efficiency,  lbs. 

890 

831 

841 

832 

1/  Estrogen  levels  are 

shown  in  Table 

5. 

This  was  the  first  experiment  conducted  at  the  Nebraska  Experiment 
Station  where  little  or  no  response  was  obtained  by  feeding  stilbestrol  in 
cattle  fattening  rations.     The  assay  of  the  pellets  and  the  alfalfa  meal  before 
pelleting,  as  shown  in  Table  5,  may  account  for  the  results  obtained  in  this 
trial.     An  early  report  in  the  48th  Annual  Feeders  Day  Progress  Report  of  the 
Nebraska  Experiment  Station  indicated  the  possible  destruction  of  the  estrogen 
in  the  grinding  and  pelleting  process.     This  was  based  on  an  analysis  of  the 
alfalfa  pellets  on  the  very  first  batch  mixes.     Subsequent  batch  mixes  were 
sampled  and  periodic  assays  were  made  on  the  alfalfa  samples  that  were  fed  dur- 
ing the  remainder  of  the  experiment. 

1961  Feeding  Experiment:  Since  the  1960  feeding  test  left  some  doubt  as  to  the 
purity  of  the  dehydrated  alfalfa  or  freedom  from  stilbestrol  contamination  in 


0 

2.07 
2.47 


1.25 
2.30 
2.59 


2.5 

2.41 
2.64 


5.0 

2.46 

2.64 
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Table  5.     Estrogen  content  in  the  dehydrated  alfalfa  meals  and  rations 

 used  in  the  experiments.^  

Assay  of  Assay  of  pelleted 

Assay  of  dehydra-  pelleted  ration      ration  with  stilbes- 

ted  alfalfa  meal        containing :  trol  containing:  

Estrogen  Estrogen  Estrogen  Estrogeii    Estrogen  Estrogen 


alfalfa    alfalfa    alfalfa    alfalfa      alfalfa  alfalfa 
meal  I      meal  II    meal  I      meal  II      meal  I       meal  II 


Level  fed/mouse,  g.             8  8 

8  8 

8 

8 

Uterine  response,  mg.         9.5  51.0 

10.8  15.3 

114.8 

161.4 

Apparent  coumestrol 

equiv.  per  kgm. ,  mg.          0  10.9 

3             17  > 

100 

>  100 

1./  Data  obtained  from  Western  Regional 

Research  Laboratory, 

Albany, 

Calif. 

the  pelleting  process,  it  was  felt  that  the  experiment  should  be  repeated  with 
some  modifications.     The  1961  test  included  42  yearling  steers  that  were  indi- 
vidually fed  for  159  days.     The  basal  mixture  and  the  daily  ration  are  shown 
in  Table  6.     The  composition  of  the  feeds  is  shown  in  Table  7. 


Table  6.    Basal  mixture  and  daily  ration  

(Trace  mineral,  bonemeal  and  salt  fed  free  choice) 
Basal  mixture:  Daily  ration: 

75%  ground  ear  corn  Full  feed  of  basal  mix 

20%- dried  beet  pulp  4  lbs.  of  dehydrated  alfalfa 

57o  aried  molasses  pellets 

1  lb.  of  prairie  hay 
12,000  I.U.  of  vitamin  A 
 supplement  


Table  7.    Composition  of  feeds  used  in  the  feeding  triaW 


Coumestrol , 

% 

% 

% 

% 

Sample 

ppm. 

protein 

fiber 

ash 

ether  ext. 

Low  estrogen 

dehy . 

25 

14.81 

26.12 

9.14 

2.85 

Medium  estrogen 

dehy . 

100 

16.20 

27.20 

9.04 

3.54 

High  estrogen 

dehy. 

250 

19.37 

24.77 

8.86 

2.84 

Basal  mix 

0 

8.78 

10.19 

2.28 

3.09 

1/  Calculated 

on  90%  dry  matter  basis. 

except  coumestrol 

values . 

The  results  of  the  feeding  test  are  shown  in  Table  8.    No  significant 
differences  in  gain  or  feed  efficiency  were  noted  among  the  groups  of  cattle 
that  were  fed  the  dehydrated  alfalfa  pellets  with  the  different  iestrogen  poten- 
cies.   However,  the  steers  that  were  fed  10  mg.  stilbestrol  gained  significantly 
faster  than  those  without  this  additive,  regardless  of  the  estrogen  level  in 
the  dehydrated  alfalfa. 

Table  8.    Results  of  1961  feeding  trial  ,  . 

Without  stilbestrol  With  stilbestrol 

Estrogen  level  Low       Med .        High  Low         Med .  High 


Initial  weight,  lbs. 


Low 

Med. 

High 

Low 

730 

729 

726 

728 

401 

402 

390 

451 

2.53 

2.53 

2.46 

2.84 

973 

977 

993 

879 

729  733 


Total  gain,  lbs.            401       402           390              451  434  437 

Daily  gain,  lbs.           2.53      2.53         2.46            2.84  2.73  2.75 

Feed/cwt.  gain,  lbs.      973       977  993  879         933  908_ 
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DIGESTIBILITY  AND  NITROGEN  BALANCE  STUDIES  WITH 
LOW-  AND  HIGH-COUMESTROL  ALFALFA 


C.  J.  Elam 

Animal  Husbandry  Research  Division,  USDA 
Beltsville,  Maryland 

The  administration  of  materials  having  estrogenic  activity  to  beef  cat- 
tle to  increase  rate  of  growth  has  become  a  common  practice  in  recent  years. 
Many  reports  have  shown  that  cattle  treated  with  diethylstilbestrol  grow  faster 
than  control  animals  receiving  none.     It  has  been  estimated  that  75  to  80  per- 
cent of  the  beef  cattle  fattened  in  the  U.  S.  today  receive  diethylstilbestrol. 
Senerally,  more  nitrogen  is  retained  by  fast-growing  animals  than  by  those  grow- 
ing more  slowly.     Likewise,  diethylstilbestrol  has  been  reported  to  increase 
nitrogen  retention  in  immature  ruminants  (Struempler  and  Burroughs,  1956,  1959; 
Story  et_  al. ,  1957)  . 

The  isolation  of  coumestrol  from  forage  crops  by  workers  at  the  Western 
Regional  Research  Laboratory  (Bickoff  £t  al . ,  1957)  has  led  to  an  interest  in 
studying  high-coumestrol  alfalfa  meal  as  a  possible  growth  proraotant  in  beef 
cattle  and  sheep.     Several  reports  at  the  Sixth  Technical  Alfalfa  Conference 
mentioned  the  possibility  of  using  alfalfa  in  this  manner. 

In  cooperation  with  the  Forage  Investigations  of  the  Western  Regional 
Research  Laboratory,  experiments  were  initiated  recently  by  the  Beef  Cattle 
Research  Branch  at  Beltsville  to  compare  the  digestibility  and  nitrogen  utili- 
zation of  high-  and  low-coumestrol  alfalfa  fed  to  beef  cattle.    My  purpose  to- 
day is  to  suiranarize  our  results  to  date,  emphasizing  that  they  must  be  con- 
sidered as  preliminary. 

The  composition  of  the  two  alfalfa  meals  used  is  listed  in  Table  1.  The 
alfalfa  meal  which  in  the  following  discussion  will  be  termed  low-coumestrol 
alfalfa  contained  23  ppm.  coumestrol  and  the  high-coumestrol  meal  had  209  ppm. 
coumestrol.     Eight  Angus  steers  weighing  approximately  500  lb.  were  fed  the 
two  alfalfa  meals  at  a  level  calculated  to  produce  a  bodyweight  gain  of  one- 
half  pound  daily.     The  meals  were  fed  in  equal  portions  twice  a  day.  Water 
was  offered  twice  a  day,  and  salt  and  bonemeal  were  fed  in  the  morning  feed. 


Table  1.     Composition  of  alfalfa  meals— 


Item 

Low-coumestrol 

High-coumestrol 

Moisture,  "U 

7.25 

6.87 

Crude  protein,  "k 

21.87 

19.06 

Crude  fat,  % 

3.17 

2.32 

Crude  fiber,  % 

21.59 

29.75 

Ash,  7, 

11.12 

8.50 

Coumestrol,  ppm. 

23 

209 

_!/  Analyses  furnished  by 

the  Western  Regional 

Research  Laboratory. 

After  the  steers  had  been  fed  the  respective  alfalfa  meals  for  at  least 
18  days,  a  conventional  total  collection  digestibility  and  balance  trial  was 
conducted  for  10  days  using  metabolism  crates  patterned  after  those  reported 
by  Horn  ejt  al.     (1954).     Aliquot  samples  of  fresh  feces  were  frozen  daily  and 
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Table  2. 

Apparent 

digestibil ity 

coefficients  of  alfalfa  meal  fed  to 

beef 

cattle 

Low-coumestrol 

High-coumestrol 

Steer 

Dry 

Crude 

Steer 

Dry 

Crude 

no . 

matter 

protein 

no . 

matter 

protein 

63 

59.8 

61.2 

48 

50.5 

54.0 

64 

65.6 

63.2 

62 

56.3 

59.1 

52 

59.3 

62.4 

45 

56.8 

61.4 

53 

61 .7 

64.8 

49 

56.6 

63.2 

Mean 

61.6 

62.9 

55.1 

59  .4 

combined  after  ten  days  for  nitrogen  analysis.  Urine  was  preserved  with  mer- 
curic chloride  to  prevent  nitrogen  loss. 


Coefficients  of  dry  matter  and  crude  protein  digestion  are  listed  in 
Table  2.     Average  dry  matter  digestion  of  the  low-  and  high-coumestrol  alfalfa 
meals  was  61.6  and  55.1  percent,   respectively.     The  lower  digestibility  of  the 
high-coumestrol  meal  was  expected,   since  its  lower  crude  protein  and  higher 
crude  fiber  content ' (Table  1)  indicated  it  was  a  lower  quality  meal.     The  aver- 
age crude  protein  digestion  of  the  low-  and  high-coumestrol  meals  was  62.9  and 
59.4  percent,  respectively.     The  lower  apparent  crude  protein  digestibility  of 
the  high-coumestrol  alfalfa  appears  to  be  a  result  of  its  lower  crude  protein 
composition  (Table  1). 

Nitrogen  retention,  expressed  as  the  percent  of  nitrogen  consumed  that 
was  retained,  is  listed  in  Table  3.     The  average  percent  retention  of  nitrogen 
for  the  low- and  high-coumestrol  alfalfa  meals  was  10.41  and  8.34,  respectively. 
Statistical  analyses  were  not  conducted  on  these  data,  but  on  the  basis  of  the 
range  of  individual  values  within  each  treatment  and  the  small  difference  in 
average  percent  retention  between  treatments     there  was  apparently  no  difference 
between  the  tvjo  alfalfa  meals  in  nitrogen  retention.     Additional  studies  are 
planned  and  will  be  necessary  before  definite  conclusions  can  be  drawn. 

Table  3.     Percent  nitrogen  retention  of  cattle  fed  alfalfa  meal  


Low-coumestrol  High-coumestrol 


Steer 

% 

Steer 

7o 

no . 

retention 

no . 

retention 

63 

14.76 

48 

2.40 

64 

9  .21 

62 

5.63 

52 

6.91 

45 

12.19 

53 

10.75 

49 

14.14 

Mean 

10.41 

8  .34 

The  nitrogen  retention  values  for  animals  No.  63  and  64  must  be  ques- 
tioned, since  it  was  discovered  near  the  conclusion  of  the  trial  that  each  of 
these  had  one  small  testicle  held  up  against  the  body.     The  possibility  of  tes- 
tosterone production  by  these  immature  gonads  renders  the  nitrogen  retention 
figures  for  these  two  animals  of  questionable  value. 


Any  comparison  of  the  two  alfalfa  meals  used  in  this  study  is  of  course 
complicated  by  the  fact  that  they  differ  not  only  in  their  coumestrol  content 
but  also  in  their  feeding  value.     The  lower  quality  of  the  high-coumestrol  alf- 
alfa meal  regarding  dry  matter  and  crude  protein  digestion  confounds  the  attempted 
comparison  of  the  two  meals  on  the  basis  of  their  coumestrol  content. 
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A  REVIEW  OF  OREGON  RESEARCH  ON 
ESTROGENS  AND  FORAGES  IN  SHEEP  FEEDING 


J.  E.  Oldfield 

Dept.  of  Animal  Science,  Oregon  State  University,  Corvallis 

Modern  animal  science  is  concerned  with  production  of  rapid  animal  growth, 
at  minimum  expenditure  for  nutrients,  culminating  in  a  desirable  consumer  pro- 
duct.    As  may  well  be  imagined,  numerous  problems  beset  the  attainment  of  such 
an  objective,  and  frequently  these  become  interrelated  until  the  overall  situa- 
tion is  complicated  indeed.     A  good  example  of  the  different  facets  of  animal 
production  that  may  be  affected  by  a  single  stimulus  is  provided  by  the  in- 
teresting case  of  estrogen  effects. 

Although  the  presence  and  much  of  the  nature  of  activity  of  estrogens, 
or  female  sex  hormones,  has  been  known  for  many  years,  these  compounds  have 
taken  on  added  importance  with  the  understanding  that  their  administration  to 
animals  may  under  some  circumstances  result  in  increased  growth  rates.  Pre- 
dominant in  application  in  this  field  is  the  synthetic  estrogen-like  material, 
diethylstilbestrol  (DES)  -  widely  used  in  both  sheep  and  cattle  feeding  -  whose 
name  is  now  practically  a  household  word.     Effects  of  DES,  either  fed  or  implant- 
ed in  appropriate  amounts,  in  increasing  weight  gains  in  cattle  and  sheep  are 
well  known  (Sykes  e_t  al . ,  1953).     Over  the  last  few  years  studies  conducted  in 
various  parts  of  the  world  have  demonstrated  the  presence  of  significant,  though 
variable,  amounts  of  estrogenic  activity  in  numerous  forages,  notably  legumes. 
This  work  has  been  ably  reviewed  by  Bickoff  at  the  Fourth,  Fifth,  and  Sixth 
Technical  Alfalfa  Conferences  (Bickoff,  1957,  1958,  1959). 

On  the  other  hand,   interest  has  been  focused  on  estrogenic  materials  in 
plants  for  quite  another  reason:     that  of  possible  interference  with  the  nor- 
mal reproductive  processes,  so  that  the  livestock  feeder  is  faced  with  the 
enigma  of  an  effect  which  may  be  beneficial  to  his  livestock  under  one  set  of 
circumstances  and  detrimental  under  another.     Pioneer  work  in  investigation  of 
plant  estrogens'  effects  on  reproduction  in  sheep  was  carried  out  by  Bennetts 
in  Australia  (Bennetts  et  al . ,  1946).     Local  pastures  of  subterranean  clover, 
of  a  variety  not  grown  in  this  country,  were  found  responsible  for  frequent 
serious  reproductive  difficulties  in  ewes  which  grazed  them  from  before  breed- 
ing through  gestation.     The  problems  v;ere  accentuated  by  wartime  conditions 
which  prohibited  purchase  of  many  feed  supplements,  resulting  in  a  forced  in- 
crease of  consumption  of  the  clover  forage. 

The  nature  of  the  estrogenic  material  causing  the  trouble  in  Australia 
was  elucidated  with  the  isolation  of  genistein  (Bradbury  and  White,  1951). 
Other  investigators  soon  implicated  this  material,  supplied  from  various  purees, 
in  animal  reproduction  problems.     Andrews  and  his  group  (Pieterse  and  Andrews, 
1956a;  1956b)  demonstrated  that  under  certain  conditions  both  alfalfa  hay  and 
alfalfa  silage  might  contain  sufficient  estrogen  to  affect  reproduction  in 
fartn  animals.     It  was  shown  further  that  estrogenic  potency  varied  widely,  and 
was  affected  by  a  number  of  different  factors.     Such  observations  have  been 
reviewed  by  Kitts  (1960) .     Other  compounds  were  also  identified  -  notably  cou- 
mestrol  (Bickoff  £t  al.     1958,  1959)  and  the  complexity  of  the  plant  estrogen 
picture  began  to  become  apparent. 
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Oregon  Investigations:     Reproduction:     Interest  in  the  plant  estrogen  situation 
and  its  implications  in  livestock  production  in  Oregon  began  with  the  observa- 
tion by  sheep  producers  in  the  Willamette  Valley  of  Western  Oregon  of  longer 
lambing  periods  and  lower  lambing  percentages  among  ewes  that  were  "flushed"  on 
red  clover  pastures  prior  to  breeding.     Preliminary  experiments  indicated  that 
incorporation  of  macerated  red  clover  into  diets  for  mice  interfered  with  re- 
production (Fox  e_t  al^.  1957)  and  confirmation  of  these  effects  was  obtained 
with  sheep.     In  the  latter  experiment,  an  apparently  innocuous  alfalfa  hay  was 
used  as  the  basis  of  the  control  ration,  and  substitution  of  either  red  clover 
pasture  or  hay  cut  earlier  from  the  same  pasture  for  the  alfalfa  resulted  in 
lowered  lambing  percentage  and  lengthened  lambing  period  as  illustrated  in  Table 
1. 


Table  1:     Effects  of 

red  clover 

estrogens  on  re 

production  in  sheep 

Range  of 

1 

No.  of 

Lamb  ing 

complete  lambing, 

Treatment 

ewes 

percentage 

days 

Alfalfa  hay  control 

9'^ 

156 

12 

Red  clover  hay 

10 

110 

19 

Red  clover  pasture 

10 

110 

35 

Hay  was  fed  at  the  rate  of  4  lbs. /head  daily.     Pasture  vjas  ad  1  ib . 


^One  ewe  died  on  experiment.  

In  a  subsequent  experiment,  ewes  flushed  on  either  irrigated  grass  or 
red  clover  pastures  were  compared  with  similar  results.     In  this  instance  the 
use  of  red  clover  as  a  pre-breeding  feed  supported  a  lambing  percentage  of  114, 
contrasted  with  one  of  150  on  grass  (Fox  et  al.   1958).     Chemical  tests  were 
conducted  on  the  clover  involved  in  these  experiments  at  the  Western  Utiliza- 
tion and  Development  Division,  Albany,  California,  and  coumestrol  was  implicated 
as  the  material  responsible  for  the  reproduction  effects  (Bickoff,  unpublished, 
1958). 

Oregon  Investigations:     Growth:     It  has  been  believed  for  some  years  that  green, 
leafy  forages  contribute  something  to  animal  diets  that  aid     in  promoting  rapid 
growth.     The  identity  of  this  "something"  has  persistently  eluded  investigators, 
and  the  active  principle  has  been  variously  referred  to  as  "the  grass-juice 
factor"  or,  more  broadly,  "unidentified  growth  factors."    One  may  well  specu- 
late,  in  the  light  of  recent  discoveries  concerning  the  concentrations  of  es- 
trogens in  certain  plants,  whether  such  substances  may  provide  the  growth 
stimulus  in  question  (Bassett  and  White,  1954;  Andrews,  1959;  Bickoff,  1961). 
Clarification  of  this  point  has  awaited  development  of  satisfactory  biological 
and  chemical  assay  procedures.     Certainly  there  is  reason  to  believe  that  very 
considerable  fluctuations  in  estrogenic  potency  do  exist  (Kitts  ejt  al . ,  1959; 
Pieterse  and  Andrews,  1956).     Story  and  associates  at  Iowa  State  University 
demonstrated  in  1957  that  methanolic  extracts  of  clover  hay,  demonstrated  by 
mouse  assay  to  have  estrogenic  potency,  enhanced  growth  when  added  to  rations 
for  fattening  lambs   (Story  £t  al. ,  1957). 

In  1959  a  preliminary  experiment  was  conducted  with  two  groups  of  fat- 
tening lambs  at  the  Oregon  Agricultural  Experiment  Station  (Oldfield  et_  al .  , 
1960).     Each  group  was  fed  pelleted  rations  consisting  of  alfalfa  meal  65%, 
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Table  2.     Weight  gains  of  lambs  on  alfalfa  of  varying  estrogen  content  

Average  total  gain  (56  days)  lbs. 
Treatment  Wethers  Ewes 

High-estrogen  alfalfa  meal                    47. 2^'  32.8-'^ 
Low-estrogen  alfalfa  meal  38  .8  37  . 2  

—I  Significantly  different  from  the  low-estrogen  meal  (P<0.05).  

ground  barley  25%  and  cane  molasses  the  variable  being  the  estrogenic  ac- 

tivity of  the  alfalfa  meals,  which  were  established  by  mouse  bioassay  at  23 
and  111  mg.  coumestrol/kg . ,  respectively  (Bickoff  £t  al.,  1959).     Weight  changes 
of  the  2  groups  of  lambs  over  an  8-week  trial  period  indicated  a  benefit  in  the 
case  of  wethers  and  a  detriment  in  the  case  of  ewes,  apparently  caused  by  the 
higher  estrogen  content  ration  (Table  2). 

It  is  noteworthy  that  there  were  no  significant  differences  in  official 
Government  grade  or  in  dressing  percentages  associated  with  the  high  estrogen 
feed.     The  latter  were  50.67o  and  51.97o  for  the  high-  and  low-estrogen  meals, 
respectively.    Moreover,  organoleptic  test  data  gathered  by  a  trained  taste 
panel  revealed  significant  improvement  in  overall  score  (based  on  flavor  of  fat 
and  lean,  tenderness,  juiciness  and  texture)     in  favor  of  the  lambs  fed  the  high- 
estrogen  alfalfa  meal.     Chemical  analyses  of  loin-eye  muscle  samples  taken  from 
the  12th  rib  revealed  fat  and  protein  (N  x  6.25)  contents  of  3.54%  and  19.19%, 
respectively      (wet  basis)  for  the  wether  lambs  fed  the  high-estrogen  meal  ver- 
sus 3.237o  and  20.897o  in  the  case  of  those  fed  the  low-estrogen  meal.  These 
differences  did  not  prove  significant  statistically,  strengthening  the  belief 
that  growth  stimulation  obtained  by  this  means  was  not  achieved  at  the  expense 
of  carcass  quality. 

Subsequently,  in  1960  a  second  experiment  was  run  using  a  similar  basal 
ration  composition,  but  imposing  3  variables  of  forage  estrogen  potency  plus 
additional  estrogen  (DES)  treatment  by  implant.     The  latter  addition  was  made 
to  ensure  that  a  growth  response  to  estrogens  was  attainable  under  the  experimen- 
tal conditions  involved,  and  also  to  test  the  effectiveness  of  plant  estrogens 
in  presence  of  apparently  optimal  concentrations  of  the  synthetic  DES.     The  out- 
line of  treatments  is  given  in  Table  3. 


Table  3.     Experimental  treatments  in  1960  lamb  trial 


Lot 

Animals 

Treatment 

1 

10 

Low  estrogen  alfalfa  meal  pellets 

2 

Low  estrogen  pellets  +  3  mg.  implant  DES 

3 

High  estrogen  pellets  -r  3  mg.   implant  DES 

4 

10 

High  estrogen  alfalfa  meal  pellets 

5 

10 

Medium  estrogen  alfalfa  meal  pellets 

1^1  One  animal  died  on  experiment. 


Since  the  previous  experiment  had  shown  a  positive  growth  response  only 
in  the  wether  lambs,  this  one  was  run  solely  with  wethers.     Coumestrol  assays 
vjere  run  on  the  experimental  alfalfa  meals  used,  and  revealed  concentrations  of 
5  and  200  ppm.,  respectively,   in  the  low  and  high  meals  (Livingjton,  e_t  al .  ,  1960). 
The  "medium  potency"  pellets  fed  lot  5  were  prepared  by  a  50:50  blend  of  those 
fed  lots  1  and  4.     The  results  attained,   in  terms  of  weight  gains  and  efficiencies 
of  feed  conversion  over  the  11-week  trial,  are  listed  in  Table  4. 
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Table  4.     Sheep  performance  in  1960  estrogen  trial 


Lor 

WeiRht  gains 

,  lbs. 

Increase 

Feed 

efficiency. 

Full 

Shrunk. 

over  control,  % 

lbs. 

feed/ lb.  gain 

1 
2 

30  .3 
41.1 

23.8 
33.1 

58^/ 

o  .  o 
6.9 

3 

47.3 

37.7 

6.2 

4 

34.9 

27.6 

39- 

8.3 

5 

41.1 

33.2 

7.4 

\J  Significantly  different  from  control  (P  <  0.05). 


Growth-wise,  it  would  again  appear  that  a  positive  response  to  the  plant 
estrogens  was  obtained,  although  such  response  was  not  linear  to  the  concentra- 
tion of  estrogen  present.     The  high  plant  estrogen  ration  plus  DES  gave  the 
greatest  response,  and  this  was  significantly  different  (greater)  than  both  the 
control  and  low  plant  estrogen  plus  DES  rations.     The  medium  potency  plant  es- 
trogen ration  yielded  results  equivalent  to  DES  implantation  at  the  level  used. 
The  reason  the  high  plant  estrogen  alone  did  not  produce  a  growth  response  is 
problematical.     One  may  speculate  that  in  order  to  obtain  the  wide  differences 
in  coumestrol  content,  the  alfalfas  used  were  harvested  at  markedly  different 
stages  of  maturity,  and  that  consequently  other  variables  in  forage  quality 
may  have  been  introduced  into  this  experiment.     This  possibility  is  being  inves- 
tigated further. 

Cooking  test  data,  at  time  of  writing  incomplete,  show  a  confirmatory 
trend  relative  to  the  first  trial     results.     The  administration  of  plant  estro- 
gen certainly  did  not  detract  from,  and  may  have  enhanced,  cooking  quality. 
Other  evidence  was  gathered  of  positive  responses  to  the  plant  estrogens  in 
seminal  vesicle  weights  and  histology  among  the  treatment  groups.     These  data 
are  reported  in  detail  elsewhere  (Noteboom  et  al . ,  1961)  and  are  mentioned  here 
simply  as  confirmatory  indications  of  estrogenic  activity. 

It  is  perhaps  still  too  early  to  make  practical  application  of  the  results 
of  these  few  investigations  into  plant  estrogen  activity;  however,  it  has  been 
demonstrated  that  forage  containing  wide  variations  of  estrogenicity  can  be 
obtained,  and  that  such  forage  is  capable  of  producing  observable  differences 
when  fed  to  animals.    Much  remains  to  be  done  in  the  areas  of  clarification  of 
the  precise  mode  of  action  of  the  materials  in  question,  elucidation  of  poten- 
tiating or  inhibiting  factors,  and  reconciliation  of  estrogen  potency  with 
•lutrient  content  and  availability.     The  studies  cited  herein  offer  some  promise 
for  the  future  of  investigations  in  this  field. 
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